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INTRODUCTION. 

— ♦ — 

Ii9^ the first part of this work will be found all the most 
approved elementary or simple parts of mechanism that the 
ingenuity of man has suggested, in the past and present 
age, for multiplying power — for increasing and diminishing 
speed— for changing the direction of motion— for producing 
straight from curvilinear motions, and vice versd — also irre- 
gular from regular motions, and vice versd. The several 
subjects are accompanied by the methods pf calculating and 
comparing the powers, velocitied, Ac., of the different parts 
of each combination. The fundamentttl principles of these 
methods are derived from BaJcer^s JBrinciples and Practice 
of Statics and Dynamics in Mr. "Weale's Series, with ex- 
amples wrought out by common arithmetic; so that they 
may be understood without a knowledge of the higher 
branches of the mathematics. The more abstruse parts of 
the theory of variable motion are taken from . Professor 
Willises Mechanism (by the Professor's kind ijermia«»vYCw\-, 
to 'vrbich great work, and to BucTiauoiC* ^Q^ ^^ '^iwsk 
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same subject,* I am indebted for the greater part of the 
elementary forms of mechanism, which are duly acknow- 
ledged in the course of the work. 

In this part of the work, besides the elementary combi- 
nations, several complete machines, of the more simple 
kinds, are also described, either with or without reference 
to their specific purposes. 

The engraving to Articles 9, 10, 12, 13, 22, 27, 30, 46, 
58, 72, 73, 74, 76, 76, 83, 95, 120, 122, 127, and 141, and, in 
a few cases, a part of their accompanying desi^riptions, are 
taken from Tomlinaan^a Mechanics in the Series. 

The second part treats generally of machines, and parts of 
machines, designed for specific purposes ; a great many of 
which are of a novel and ingenious character, and made a 
conspicuous part in the mechanical department of the Great 
JSxhibiiton o^l851. 

The first part i^ divided into eight, and the second part 
into ten, chapters ; of each of which it will be proper to say 
a little. 

PART L 

In Chapter I. of this part are given, the definitions 
and fundamental principles of calculation, adapted to 
machinery. 

• 

* Buchanan on Mill Work and on Machinery and Tools, edited by 
Oeoi:ge Benme, F.KB. Text in 8yo, and Platea in folia 
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Chapter II. treats of the lever, link-work, cranks, and 
several of their combinations. 

Chapter III. embraces the various combinations of wheel- 
work ; the arrangement of the teeth of wheels ; with the 
ingenious and expeditious method of forming the flanks of 
the teeth by the Odontography invented by Profe$8ar Willis, 

Chapter IV. treats of the forms of gudgeons, couplings of 
axles, contrivances for the engagement and disengagement 
of machinery, Ac. &c. The nature and theory of the pulley, 
and motion by means of wrapping connectors, as cords, 
straps, chains, &c., conclude this subject. 

Chapter V. includes the most approved specimens of 
variable motion by the rolling contact of wheels. 

In Chapter VI. various methods of producing intermittent 
and reciprocating motion are given. 

Chapter VII. treats of the inclined plane, the screw, 
the wedge, and the camb, with several of their combi- 
nations. 

In Chapter VIII. the arrangements of the escapements 
of clocks and watches, and the nature of the pendulum, are 
explained. 

PART II. 

In Chapter I. of this part the most approved regulators 
and accumulators of motioii are die^eYvb^^. 
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In Chapter II. are described Tarious arrangements of 
mechanism for modifying motion, as to change a continuous 
reciprocating motion into a continuous circular motion, and 
the reverse ; with the theory of parallel motion, as given by 
JBrofessor Willis and Mr, Hann. 

In Chapter III. are given the ordinary machines used in 
the common arts of construction, and for domestic 
purposes. 

In Chapter IV. are described all the most approved 
hydraulic machines, from the common suction-pump to 
Appold^s centrifugal pump, which was so conspicuous in 
the Oredt Exhihitian of 1S51; and the various kinds of 
water-wheels, including the turbine, with the methods of 
calculating their powers ; also the most approved marine 
screw-propellers ; with the theory of the motion of water in 
pipes, rivers, and open canals, <&c. 

In Chapter V. Mr, Joseph Whitworth^s self-acting lathes, 
&c. Ac, are described.* 

Chapter VI. treats of machines for carding, spinning, 
flax-dressing, <&c. <&c. ; most of which formed an attractive 
part of the Great Exhibition of 1851. 

Chapter VII. describes the various mechanical arrauge- 
ments of the steam-engine, with two specimens of novel 
machines of this kind. 

* To Jtfr, Wbitworth, thajikB are due for his liberality and VVii^QiaA.' 
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In Chapter VIII. are given descriptions of machinery for 
refining sugar, &c. 

Chapter IX. treats of the friction of machinery, and of 
labouring forces ; with the nature of the resistance of 
friction on railways and common roads, Ac. &c. 

Chapter X. describes the process and mechanism for 
manufacturing brown salt-glazed stoneware and Bristol- 
ware, as practised at Vauxhall Pottery, by Messrs. Singer, 
Green, and Co* 

A more complete detail of the several subjects will be 

found in the table of contents. 

T. BAKEE. 

* To Mr. Green, thanks are due for his kind aid. 
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PART I. 

♦ 

CHAPTEE I. 

DEFINITIONS OF MOTION. 



1. Motion is tbe continual cliange of place of a body. 
When the body moves in a straight line it is said to have 
rectilinear motion; when it moves in a curved line it is 
called curmlinear motion; and when it moves backwards and 
forwards it is said to have reciprocating motion. 

Motion may be also either uniform or variable. When 
.the body moves over equal spaces in equal times, it is 
said to have uniform motion; but when it moves over 
imequal spaces in equal times, it is said to have variable 
motion.* * 

The velocity of a body is measured by the linear rate 
of motion of a point in the body ; thus, if a body move 
uniformly over 10 feet per second, it is said to have a velocity 
of 10 feet per second. Therefore, when velocity is to be 
measured, we must have a given number of units of space 
passed over in a. given unit of time: it is an established 
custom to take a foot for the unit of space, and a second for 
the unit of time, when treating of these subjects in a scientific 
manner. 

2. When a body moves uniformly the space it passes over is 
(squal to the product of the velocity and time, 

« 

* There are also accderated and retarded motiMW •, V)aft xaos^* ^ystssssv^sa. 
cases of these motiona maybe seen m iiOLAm^\>o^«a,\xi^'!^^^'«^^'' ^»**'» 
and in bodies thrown directly upwards in. \£e\a.\.\»x c»a»* 
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For, if a body mores irith a Telociti- of 6 feet per second, 
it win move orer twice 6 feet, or 12 feet^ in 2 seconds, and 
oyer thrice 6 feet in 3 seconds, and so on. 

Or, generallT, let r be the Telocity of the body per second, 
i the time in seconds, and « the space or distance passed 
over, then 

s ^ V times i 

that is, « = r < (1) 

which equation shows the relation of velodtr, time, and space 
in uniform motion, any two of which being giren the 
remaining one may be found by common algebraic transposi* 
tion; thus, 

V 
»=i (8) 

Example 1. — The velocity of a body is 15 feet per second, 
in what time will it move over 100 yards ? 

Here » = 100 yards = 100 x 3=300 feet, and p = 15 feet; 
hence by eqnation (2), 

* 300 ^ 
^ = - = —=- = 20 seconds. 
V 15 

Ex. 2. —A locomotive engine moves with a velocity of 
30 miles per hour ; required its velocity per second. 

Here * = 30 x 5280 = 158400 feet, and f = 1 hour=3e0O 
seconds ;. hence by equation (3), 

158400 ,,^ 
V = g^^ = 44 ft . per second. 



O^ THE rS£ OF lCACHI2!rES TS OXXESAL. 

3. Firstly, — Machines are used for producing power or 
force greater than the strength of man or any other animal ; 
as by the lever, crane, &e. Secondly, — For increasing or 
decreasing the velocity of motion ; as by the lathe, smoke- 
jack, Ac. Thirdly, — For prolonging the action of power, as 
in a dock or watch. Ihurihly, — For changing the direction 
of motion ; as by the windlass, the pi^n of the steam- 
engine, &e. Mftkl^. — ^For reducing the \iinft ot \8XiOMx % %a 
A the case of locomotive engines on T«ol''K«yE coxK'^wcfc^ 
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with draught horses on common roads. And Sixthly, — Por 
producing accuracy and quickness in the work required to be 
done ; as in the case of lathe-work, which cannot be pro- 
duced with perfect uniformity without the lathe. But 
instances of this kind may be produced without end ; we 
shall therefore proceed to 

4. Fa/rtB of a Machine, — These parts may be divided into 
three : firsthj^ the part which is subject to the action of the 
moving power, as the handle of a windlass, which may be 
called the receiver of work ; secondly^ the mechanism that 
communicates the work of the receiver to the work to be 
done, as the windlass and the rope coiliug round it, which 
may be caUed interposed mechanism or communicators of 
work. And thirdly^ the part which performs the required 
work, as the bucket, which is attached to the rope, and 
which may be called the worlcvng part^ or operator. 

5. The moving powers of machines may be divided into 
seven ; Firstly, man and other animals. Secondly^ the faU 
of water. Thirdly^ the force of the wind. Fourthly, the 
descent of weights. Fifthly, the action of springs. Sixthly, 
the expansion of elastic fluids, as steam, air, &c. And 
seventhly, electricity and magnetism. 

ELEMEKTABT FOBMS OF MECHANISM. 

The Elementary Porms of Mechanism consist of the six 
mechanical powers. 

1st. — Levers, producing motion by Link-work or Jointed- 
rods. 

2nd. — Wheels, or Wheels and Axles, producing motion 
by rolling contact, or by teeth raised upon them. 

3rd. — Fulleys, producing motion by wrapping contact, by 
means of cords, straps, or chains. 

4th. — Inclined Flanes; and 6th, The Wedge^ producing 
motion by sliding, or wedge-motions. 

6th. — Screws, also producing motion bv sliding by the 
help of the lever, or some other of the mechanical powers. 

VELOCITY SATIO. 

6. In calculating the motion o£ ^<e ^«s\.^ ^1 ^ ^ssasS^ssife^ 
Trofessar Willia and otherahav©&\aidL\\.\.o/Vie^ ^^^"^ ^^^ 

renient to compare their propoTtioT3La\.^Aoc&\e»> ot^va^ 
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words, to find an eipreBsion for their velocity ratio. Thus, 
let the receiTer of a machine move through a space of t feet, 
while ita operator mores through v feet ; then their velocity 

ratio is expressed hj — ', and, if p represent the power 

applied to the receiver, and w the weight moved by the 
optwator; then 

p's velocity _ t 

w's velocity " v 

MemnpU. — Let the velocity T of the receiver = 28 feet, 
and the velocity v of the operator = 4 feet in the same time ; 



w'b vel. ~ V 4 1' 

or, the power p of the receiver moves with seven times the 
velocity of the weight w moved by the operator, which is the 
velocit3r ratio in this case. Examples explaining this prin- 
ciple will be given in Art. 8, on the practical application of 
the lever. 

We shall now proceed to compare the velocity and 
power of the receiver of work with the velocity and power 
of the operator of a machine, the form of the interposed 
mechanism or communicators being given. 
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7. We shall first take the lever a B, as presenting the 

most simple form of mechanism, ' Let the lever rest on the 

■ fulcrum F, and let a power P 

I be appHed to the end a of the 

I lever, which is called the re- 

I ceiver, to move the end b, 

I which is called the operator; 

I also let the power move the 

lever to the position a B; thus 

causing the weight w to ascendthioushthQ «^ace"BB in the 

^awff tuae that the power descends tttioog^ fc« «;$«ce i. a ; 
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tben, by the principle of Virtual Velocities, Art. 85, Baker* s 
Statics and Dynamics^ Weale^s Series, 

Xa : Bh :: AErFB, 
that is, p's vel. : w's vel. : : a p : r b, 

p's vel. A V 



w's vel. p b' 



(1) 



Also, when equilibrium takes place between the weight 
and power, we shall have by Art. 42, Ibid,, 

PXAr = WXFB (2) 

that is, the power multiplied hv the lenath of its a/rm is equal 
to the wewht multiplied by the length ojits a/rm; — ^the former 
product lis called the momentum of the power, and the latter 
the momentiim of the weight. 

W A. P 

From equation (2). — = — (3) 

P P B 

and by comparing equations (1) and (3) we shall have 

p's vel. w 



w's vel. p 



W 



p's vel. 

that is, the velocity ratio, or — ; j- , is equal to the weight 

w^ s vel. 

w divided by the power p, which is employed to raise the 

weight w, an equuibrium between the weight and power 

being supposed to exist. 

8. JFbr the instruction of those students that are not accus- 
tomed to the use of mathematical equations, we shall give the 
following rules and examples, in which the magnitude of the 
power and weight, and the lengths of the arms of the lever, 
are given in numbers. 

EuLB I. — The velocity ratio of the power p and the 
weight w is equal to the length of the arm a p divided by the 
length of the arm b p. (See last figure.) 

JExamtple, — Let the arm a p of the leve^ a b be 36 inches, 
and the length of the arm b p = 9 inches ; required the 
velocity ratio of the weight and power. 

p's vel. _^^ _^ 
w's vel. "■ "9 "" iL 
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that is, the power's velocity is to the weight's velocity as 4 
is to 1. — ^This is the velocity ratio in this case, which is much 
used in calculations relatiag to machinery, and is the same 
as would be given by equation (1) of the last article. 

EuLE II. — The velocity ratio of the power and weight is 
equal to the weight divided by the power. 

Example, — ^Let the weight w = 28 cwt., and the power 
p = 4 cwt. ; required the velocity ratio, an equilibrium 
being supposed to exist between the weight and the power ? 

p's vel. _ 28 _ 7 
w's vel. "" 4 "" 1' 

that is, the velocity of the power p is to the velocity of the 

weight w as 7 is to 1. 

28 7 w 
Note, — ^In this example, -7- = — = — , or the weight to be raised divided 

by the power applied, is called " the achantage gaimd by the lever; ** 

p's veL 7 
and the velocity ratio, or —; r = -, expresses the number of times 

that the velocity of the weight is contained in the velocity of the 
power, which quotients are equal ; hence the advantage gained by a 
machine is equal to the velocity of ^ power divided by the vdocky qf the 
weight raised, which is called the principle of viartual velocities. Mechani- 
cians define this principle by saying '' what is gained in power is lost in 
speed." This simple principle, cS>ating friction, wUl apply to aU ma>chi/nes, 
however complicated, and this is the most simple aspect in which their 
motion can be viewed. 

Ettle III. — ^Also, when an equilibrium takes place on the 
lever, the product of power and the length of its arm is equal 
to the product of the weight and the length of its arm. 

Or, — ^The power is to the weight inversely as the lengths 
of the arms of the lever on which they respectively act ; 
hence, if any three of these four be given the other may be 
found. 

Example, — ^The lengths of the arms of a lever are 36 and 
3 inches, and a power of 2 cwt. acts at the end of the longer 
arm ; what weight will it balance P 

in. in. cwt. cwt. 

3 : 36 :: 2 : 24, 

that is, the product of the power and the length of its arm 
is equal to tne product of the weight and the length of its 
arm; thus, 

2 X 36 = 24 X 3 = 72, 
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the momentum qf the power, beii^ equal to the mimmttm t>f 
waght, see equation (2) ; the lever m all these cases being 
Hupposed to Se without weight. 

9. There are com- 
monly reckoned three 
kinds of levers, de- 
pending on the posi- 
tions of the pomti 
of application of the 
pouter and the toeyht 
with respect to the 
fulcrum. 

A lever of tlte first 
leind is represented 
by £g-I., in which the 
fulcrum r is situated 
between the power p 
and weight w. Id a 
lever ^ the second 
Jdnd, fig. II., the 
^owGt p and the 
weight w act on the 
same aide of the ful- 
crum p, the weight 
beii^betweenthe ful- 
crum and the power. 

In a lever of the 
third kind, fig. III., the power P and the weight w act on the 
same side of the fulcrum f, &a in the latter case, hut the 
power, in this case, ia between the fulcrum and the weight. 

The velocity ratio, and the equations of equilibrium, 
equations (1), (2), and (4), Art. 7, apply to all the three 
kmda of levers, that is. 



in case of equilibrium ; 



10. The (hmmon Sleelvard is a useful anolW^vij^ ^ V^-b 
levar for finding the weights ol boSCw*.— "SVa 'awi.t!^ ^ '^l^a 
Mteelyard ia ahown in tlie atineiel tgaw -, cSa ** l-^^s-sa:-. 
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V the bod; (the weight of which is to be found) ia siupeiideii 
at the end b of the shoFter tarn, and the constant weight p is 
moved aloi^ the graduated ann till there shall be an equili- 
brium. Let it be assumed that the scale and heavy ball at 




a keep the lever in equilibrium or in a horizontal position 
when the load V and the weight t are removed, sa is the 
case with some steelyards. Kow, let w and f be applied to 
the ateelyaird so that th^ may balance each other; then 

pxcpsi'w X09 onr= .therefore, when op=oa,w 

08 

will be = f , aud when o f =: 2 o 8, v wiU be = 2 p, and so on. 
Therefore, if the longer arm of the lever be marked so that 
ol, o2, o3, &e. shall be equal to Bc, 2bo, Sso, &o., 
respectively; then, when p is at the Ist, 2nd, 3rd, &c., marks, 
the corresponding weights of w will be P, 2 p, 3 f , Ac 
Thus, if p be 1 fl)., then w will be successively equal to 
1, 2, 8, &c. pounds, when p is at the 1st, 2nd, 3rd, &c,, marks 
on the longer arm of the steelyard. In the figure, p is 
shown at the twelfth mark on the longer arm, therefore, in 
this case, w = 12p; and, if p = llb, then w=121bB. 

11. When the power i» required to be very great, and it is 
not convenieBt to construct a very lone Wer, a eoTnpotmd 
Uver,arae<m^o»iti(m 
^leversiia employed. 
In the composition 
of levers, in the an- 
^ nezed figure, the se- 
vers] levers a b, b c, 
c s, act perpendicularly one on another, the fulcrums, or 
centra of motion, of which are renpectively i, i', andp"; 
piea by Art. 48, taker's Statia and Synomici, -«e ^foa^ 
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have, in case of equilibi 
veight w, 



between the power p and 
r'oxy'D : PAxr'Bxr'o 

A X f' B X f' 



(1) 

Now, let the power p descend through the Bmall space 
A. a, then the levers ab, b c, on will reapectively aBHiune the 
positions ab,bc,eii, and we shall have the velocity ratio 
DT equation (4), Art, 7, or by the principle of Virtual 
Vdocities, ,_ , . > , „ 

' P 8 Td. ABVel. w 

v'i vel. ~D'sveI. ~ p' 
and b; comparing this equation with equation (1), there 
results the velocity ratio, or 

a'stcI. faxf'bxf'o 



Hence generally, the velocity ratio of ^ and T>,orqfp and 
W, ttriU beybund by dieiding the product of lengths of all the 
aliemate armsofthe levert heginniTig from p by the productof 
all the alterftate armt beginning fi-om w. 

12. A system or composition of levers may be conveniently 
arranged as in the annexed fig. Here, there are two of the 
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second kind, viz. a f and a." f^, and one of the first kind a'b', 
and we shall now consider the manner in which the power p 
is transmitted to the weight w. The power p, acting on the 
lever a p, produces a downward force at b, which acts through 
the link b a' on the arm a' r' of the second lever, which arm 
33 therefore pulled down, thus causing the arm p' b' to 
jiscend, which acts by means of the link b' a" on the arm 
a"f", which is therefore drawn upwards, causing the weight 
%v (suspended at b") to ascend ; hence the velocity ratio of 
p and w, or of a and a", by the last Article, will be 

p's vel. A p X a' p' X a'' p" w . p .,.r . 

-1 r= z7—i—, v-iFi or, = - m case of equihbnum, 

w's vel. pbXp'b'xp B ' p ^ 

Example 1. — Let a p = 20, a' p' = 16, and a'' p" = 18 inches, 
also let B p' = 2, b' p' = 2, and b* p" = 3 inches ; then, by 
equation (2), we shall have the velocity ratio, or 

p's vel. _ 20xl6xl8 _480 
w's vel. ■" 2 X 2 X 8 "" 1 ' 

that IS, the power's velocity is to the weight velocity as 480 
is to 1 ; or the point a moves with 480 times the velocity of 
that of the point b" ; and consequently, by the nature of 
virtual velocities, the weight w is 480 tunes the power p. 

Ijx. 2. — Let the power p be such as a man can exert, 
which is usually taken at 150 lb., what weight can he raise 
by the composition of levers in the last example ? 

Since the weight is 480 times the power, we shall have 

w = 480 X 150 = 72000 lb. = 32 tons 2 cwt. 96 lb. 

The same result may be obtained from equation (1), 
Art. n. 

18. The Wdghky Machine for turnpike-roads, &c., is 
formed of a composiiion of levers. It is chiefly used for 
weighing loaded wagons and other large weights. It consists 
of a wooden platform, placed oyer a pit made in the line of 
the road, and level with its sur^ce; and so arranged as to 
move freely up and down without touching the wdls of the 
pit. The levers on which the platform rests are four ; viz., 
A p, B p, P, and n p, all converging towards the centre p, 
and each moving on a fulcrum at a, b, c, b, securely fixed in 
each comer of the pit. The platform rests on its feet a! c' d\ 
which rests on steel points a, 5, <?, d. The four levers are 
Bupported at the point F, under the centre o£ the -^latCoTm, 
fy'a Jong lever a ^, resting on a steel &lcrum«it ^, ^VV^a \\» 
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longer arm at e ia connected \dth a rod, vhich is carried up 
into the turnpike-house, where it is attached to the shorter 




arm of another lever, while a scale," suspended from the other 
arm, camea the counterpoiae or power, the amount of which, 
of eouTBe, indicates the weight of the wagon on the platform. 
Now, as the four leTers A, b, c, d, are perfectly eqiial and 
similar, the effect of the weight distributed amongst them 
is the same as if the whole weight rested upon amy one. . In 
order, therefore, to ascertain the conditions of equilibrium, 
we need only consider one of these levers, such as A f. 
Suppose, then, the distance irom a to t to be 10 times as 
great as that from a to «, a force of 1 lb. at r would balance 
10 lb. at a, or on the platform. So, also, if the distance 
from E to a be 10 times greater than the distance from the 
fulcrum E to 7 a force of 1 lb., applied so as to raise up the 
end of the lever a, would coimterpoise a weight of 10 lb. on T ; 
therefore, sa we gain 10 times the power by the first lerers, 
and 10 times more by the lever e o, it is evident that a force 
of 1 lb. tending to raise g, would balance 100 lb. on the 
platform. If the weight of 10 lb. be placed in the opposite 
arm of the baltmce to which Q is attached, this 10 lb. will 
express the value of 1000 lb. on the platform. When the 
platform is not loaded, the levers are counterpoised by a 
weight applied to the end of the last lever. 

iPote.— Equfttioni (IJ and (2), Art. 11, will apply genamUy to the uaa 
pf the Weighing Mamwe, jurt dBBGribai, 
• InaUad of a Bcale, a oonatant movedoVa -wisi^Vii ■«««'> wanimss^-^ 
"»«i « in tie steelTard. 
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THE OBLIQITE AITD BEKT LSYEBS. 

14. A lever a b, turning on the fulcrum v, is acted upon 
by the power p, and the weight w in the oblique directions 

p A s, WB T ; it is required to find 
the nature of the equilibrium 
between p and w, and theur velocity 
ratio? 
^ From p draw the perpendiculars 
^ p s, p T upon the respective direc- 
tions of p and w; then, by Art. 42 (2), Bakers Statics and 
Dynamics^ 

PXPSssWXPT, (1) 




W FS 

p ""ft 



or, - = 



Also, by Art. 86, J^., the velocity ratio of p and w, 
estimated vertically, is 

p's vel. _ ''^ _ F s 
w's vel. "" p "" E T* 

Prom (1) and (2) it appears that p multiplied hy the per- 
pendicular from the fakrvm on its direction is equal to w 
multiplied hy the perpendicular on its direction; and that the 
velocities of P and w are to each other as thesame perpendiculars : 
both which positions are agreeable to the yreat principle of 
the equality of moments, Articles 86, 86, and 87, Baker's 
Statics and Dynamics. 

Note, — ^PutAF = a,BT = (, the angle SAF = a, andTBTsrjS; then. 
Art 43, Ibid., Fasin. a=:W&Bin. fi. 

16. The law of equilibrium and velocity ratio, given in 
Art. 14, is equally true with respect to bent levers of any 

kind, as A T B, in the annexed fig. ; 
for, instead of the strais^ht lever, 
shown by the dotted hne a p ft, 

«// "'^'^S^v^^^Jii ^® ^^^ conceive the rigid bent 
Q^ ^^ -^ lever ap b to meet the directions 

of the forces p and w, and these 
&JV0S to be tranaferred to its extremities a and b. Draw 
^/te perpendiculars Fa,TT to the directtonB p ab, ^ "b t o^ 
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the forces p and v respectively, and we Bhall have, as in the 
last Art., 



. 16. "When the arms pa, f b of the lever are perpendicular 
to the directions p a, w b, in vhich p and v act, that is, when 
p i. T, w B p iffe right angLes (see last fig.) ; then 

PXPAXWXFB, 

, p'a vel. F A. 

and —. r = — ; 

V s TeL p B 

which is BufficienUy evident irom the tvo preceding Articles. 
Mxati^le 1, —Let s B be = 2 feet, and p t = 1 foot, fig. to 
Art. 14, then, h^ equation (2), the velocitf of p vriU be 
2 times the velocity of w, that is, 

p'e vel. _ps_2 
TV's veL ~ p T ~ 1 

Ux.2. — Let the power p=6cwt., the weight w= 18 cwt., 
T s = 8 feet, and r t = 1 foot ; then, by equation (L), 

PXP8 = WXPT 

thatis,3x6slxl8 

both products being 18, as thej obvionaly 

ooght to be. 

LUTE-WOBK, OBAITES, &c. 



17. Eotatory motion may be commu- 
jucated &om an axis b to another axis s 
hy the arms or cranks sh, ltd (which are 
a equal lengths), and the link h d, which is 
equal to B D. If b 6 be moved round the 
cirde Bb,dit will always be a parallelogram, 
and therefore the angular velocities of B h, 
B d, will be always the same. When the 
cranks arrive at the positions b «, b f, the 
link b d will have the position ( t, the cranks 
and link being in this case sU ui wV^ 'u 
called the line qf cenU^ 2Sl>t,tWWB.' 
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in one of its dead pomts, as the tension upon it has no 
effect in turning the crank, but generally the moving force 
of the machinery, to which the crank is attached, carries 
it beyond the dead point. It will also be seen that ^ and 
p are dead points which the cranks and link hare to pass 
over in one revolution. 

18. To remedy the inconvenience of dead points, the two 
cranks b ^, n ^ at right an&;les to b 5, n cf, respectively, 
and equal to them, with their connectiQg link e f^ are 
frequently added to the system. The advantage of this 
arrangement is to give a constant and efficient moving 
force to drive round the cranks v d, J>fy independent of 
any moving force in the machinery. 

19. A second manner of avoiding the 
dead points may be gained by bending 
the two axes into loops or cranks, at 
right angles to one another, by which 
arrangement the planes of rotation of 
the two are separated, so that they can 
never come in contact ; the same must 
be understood to be the case in Art. 17, 
as well as in the follow Art. 



c^ 



f=st?^ 




20. "The third method of passing the links over the 



CI"j 



© 



dead points consists, like the latter, in employ- 
ing two or more sets of arms and links, so 
disposed that only one set shall be passing the 
dead point at the same moment. In this 
method the axes c, n, are parallel, but not 
opposite; pins are fixed in the free side of 
each disc or wheel,* at equal distances from the 
centres of motion, and at equal angular dis- 
tances from each other, and links each equal to 
the distance of the centres o, n, are joined to 
them, as shown in the annexed fig." — J^rqf. 
Wtllis^g Mechanism, Art. 200. 
21. In the annexed fig., the wheel or grindstone G has a 
continuous rotatory motion given to it by the crank c b, 
the connecting rod or link en and the foot-board or 
treadle ad, which last piece turns upon a as a centre, 
the rod c n having joints at its extremities to connect it 
with the crank and foot-board. By pressing the foot, 
for an instant, upon a n, the wheel is turned by the crank, 

* -^ tlih amugement the links will poBs one Mio^\i«t m\i\iss>A 
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the moving force, tboa communicated to the wheel, being 

sufficient to cany it rousd, passing both the dead points, 

till it arrlTea at its former position, when 

the pressure is aeun applied, and the 

rotation of the ^^eel is thus continued fi 

for any length of time required. The |f 

reciprocating, or up and down motion of > 

the great beam of the steam engine turns, 

by means of its connecting rod, the crank 

of the fly-wheel, the moving force or inertia 

of which maiataina continuous rotatory 

motion, in the same manner aa in the wheel | 

or grindstone, just described. 

22. 2%e hent-lever balance is a convenient form of scale, 
in which the weight is constant. It consists of a bent 
lerer a b c, to one end of 
which a weight c is fixed, and 
to the other end a, a hook 
carrying a soale-pan w, in 
which the Bubstuice to be 
weighed is placed. This lever 
is moveable about an axis b. 
As the weight in w depreaaes 
the shorter arm b a, ita lever- 
age is constantly duninished, 
while that of the arm c b ia 
constantly increased. When 
C counterpoises the weight, 
the division at which it set- 
tles on the graduated arc 
expresses its amount. The graduation of the instrument 
of course commences at the point where the index settles 
when there is no load in w. The scale-pan is then succes- 
sively loaded with 1, 2, 3, &c., ounces or pounds, and the 
successive positions of the index marked on the arc. 



23. Nott. — " One of the principal uaas of 

rising imge weights through amall Bpaces, which in don 
short intenoitting eSbrts. After the weight hoa be«D raiBcd, it muat 
ba aupp«rted in ita new position, until the lover is readjusted to repeat 
the action. The chief defect, therefore, of the lever ia want of ranee 
~- and the meana of aupplying continuous motion. This defect could be 
supplied if the moving power could be enablei to -cvwift TaaiA. "Or*. 
enbre droJe, and go continue to tovoWe iot B.Yv^\Bii^&i -A 'waiii,*3&, 
produainy the due proportion ot otteiA 0!iftie'«c\^^'V3 "«. ■««*&,<«« 
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the resistance to be overcome. I^ for instance, a weight is tol;^ raised, 
there are many ways in which the action of the lever may be made 
continaous,** which shall be shown in the following chapters. 



TO PIND THE VELOCITY BATIO IK LIKK-WOKK. 

24. *' Let A p, B Q be two arms moying on fixed centres a 
and B respectivelj, and let them be connected by a link p q, 

jointed to their extremi- 
ties p and Q. Let a b, b s 
Pj, be perpendicukra from 
the centres upon the di* 

^^1-— ^^'^^g rection of the link pq 

produced, if necessary ; 
and let the centres a and b b e jo ined ; then a b is called 
the line of centres, and hjJ^rof, Tvillia^ 8 Mechanism^ Ajt.32y 

ang. yel. of a p : ang. vel. of b q : : b t : a t, 

that is, the angular velocities of the arms a p, b q are to each 
other in/versehf as the segments into which the link divides 4h^ 
line rf centres a b. 
Also, by Art, 32, Cor. 1, lUd,, 

ang. vel. of a p : ang. vel. of b q : : b s : a b, 

that is, the angular velocities of the arms a P, b q are 
i/n/eersely as the perpendiculars from their centres of motion 
upon the Ivne of the link p q. 

These two proportions may be arranged in equations as 
follows : 

ang. vel. of a p _ b t 

ang. vel. of b q "" a t' 
and 

ane. vel. of a p b s 

ang. vel. of b q a b* 
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WHEEL-WOKK.— PEODUCINO MOTION BT BOILING CONTACT— 



25. Let E and i be two wheels or cylindera, in contact 
witt eact other, and reepeotively reTolvrng on the parallel 
axes A. d, B fi ; the sum of the ntoii of the two wheels being 
equal to the distance of the centres of their axes, and 
therefore the wheels will be in contact in all poBitions ; and, 
if the wheel B be made to Terolre, it will conunumcate 
motion to the wheel v, in a contrarf' direction, by the friction 
of their circumferences, which wifl ob- 
vioudT have the same velocity; there- 
fore W6 number of times r revolves [ 
while X makes one revolution will be 
equal to the number of times the cir- | 
cumference of f is contained in that of E, I 
or=the number of times the radius of F 
is contained in that of B. Letaandrbe ' 
the radii of e and t respectively, and 
S = number of revolutions made by r 
while E makes one revolution ; then 




Sample. — Let the radii of the wheels e r be respectively 
10 and 4 inches; how many revolutions will i make while x 



nere ir = number of revolutiona = - = - 



26. It motion is commnmcate^ \s^ ^e 'sWfii. -i. "wi "^^ 
wheel r, then E is called the dmer sa^ i fKe JoUiwwr . 
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27. There are THrioua metbode by vhich the drcom- 
ferencea of wheela are made to act upon one another. 
Sometimes hj the mere &iction of their eurfaces, the firictioa 
being increased by cutting the vood bo that the grains of 
the opposed &ur£u:es may nm in opposite directions; in 

other cases the surfaces are covered 
with thick soft leather ; but the most 
usual method of transmitting power 
in complex wheel-work ia by means 
of teem or eogs, raised on the sur- 
faces of the wheels, as in the annexed 
fig. The term teeth is usually ap- 
plied to the cogs on the surfiwe of 
the large wheel, as b, and leacea to 
those on the surface of the small 
wheel, usually called a ^mion, as a. — ^Wheels and i 
are usually made of cast-u-on, each wheel and its tee 
of one piece. 

28. When the teeth of wheels are engaged together, as 
in the £g., they are said to be t» gear, but when disengaged 
out of gear. 

2d. The number of times the pinion revolves while the 
wheel makes one revolution will be evidently equal to the 
number of teeth in the wheel divided by the number of 
leaves in the pinion. — Let t = no. of teeth in the wheel, 
t = no. of leaves in the pinion, and v = no. of revolutions 
made by the pinion while the wheel makes one, or if B, «■ be 
the respective radii of the wheel and pinion ; then 



Mmmple. — Tho number of teeth in a wheel is 48, the 
leaves in its pinion are 8 ; how often will the pioion turn round 
while the wheel turns once round p 

48 
Here s = number of turns = — = 6. 

30. In a train of wheels, arranged as in the annexed fig., 
the conditions of equilibrium and velocity ratio are the same 
as in the train of levers m Art. 12, that is, 

?'s vel. _ oxex/ _'W 
fr'a vel. " bxcy.d~ t 
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a, e,fhang the isdii of the vheels, aod b, c, d the radii of 
the pinions ; also, 




31. In the marginal train of wheels, let the wheel t drire 
the pinion t, which is fixed on the axis of the wheel t' ; let 
t' drive the pinion t', which is fixed on the a^tis of the wheel 
t', which last wheel drives 
the pinion f ; let the num- 
ber of teeth in the wheels 
and pinions be represented 
by tue letters annexed to 
them, and let n = number 
of revolutions made by the 
pinion f while the wheel T 
makes one revolution ; then 
we shall have, by Art. 220, 
Priifi Willit's Mechanism, 




Sence it appears tliat while iht JItbI ftrvwnq-wWA tooSm* 
one revoiutton, the number 0/ reDolutVom woo* >j ^iV* ^""^ 
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fiiUower in the train ia equal to the product of the numier 
of teeth in all the drwer», divided by the product of the numhor 
of teeth in all the followers; and this rule will hold for a 
^atei or loBB uiuaber of drirera and foUowers, arranged as- 
in the fig. 

Sxample 1. — Let the radii of three wheels a, e, and/ be 
respectively 16, 18, taii 24 inches, and the radii of their 
pinions 6, c, and d be 2, 2, and 3 inches respeotivelr ; 
required the velocity ratio of V and v, and the weight of the 
latter when the fortaer is 1 cwt., In case of equilibrium. 
By Art. 30, equation (1), 

p'b vel. _ a X e x/ _ 16 X 18 X 24 _ 676 
w'svel.~6xex<i~2x2x3~ 1' 

that is, p'b yel. is to Vs TeL as 576 is to 1 ; and consequently 
when F = 1 cwt., w = 676 cwt. = 28 tons, 16 cwt. 

Hx. 2. — In a train of three wheels and their pinioiu, (see 
last fig.,) the number of teeth in the wheels are respectively 
66, 64, and 96, and the number of leaves in the piniona 
respectively 8, 12, and 16 ; required the number of revolu- 
tioDB made by the last pinion while the first wheel tuma 
once round ? 

By Art. 31, N = ^^^1^-?^ = 224= number of revoL 

t> X lZ X XO 




82. The Bubjoined fig. showBthe 
conetruction of mill- work, and large 
machinery, previoua to the intro- 
duction of cast-iron wheels. The 
wheel A. is formed of wood, aa 
shown in the fig. ; equidistant 
mortices are pierced through the 
rim to insert the teeth or coos, as 
they are called when made of 
Bcparate pieces, which are also of 
well-seasoned hard wood. The 
pinion s is formed by inserting the 
extremities of small wooden cylhi- 
ders into equidistant holes, in two 
parallel diBCB attached to its ads 
or shaft, thua forming a kind of 
cage, wluch iiS C8ilXo&. & lantern, *i\Mi 
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Cylindrical teeth being called its itaeea or rowndi. This 
construction ia tcit strong, and the circular form of it§ 
itaTes givcB it the adrant^ of a very smooth motion. — This 
kind of wheel and lantern is still very common in old mille. — 
^rqf. WUlit'g Mechanism, Art. 54. 

33. " The above construction of a toothed wheel has been 
partly imitated in modem mill-work, for it is found that, if, 
m a p^ of wheels, the teeth of one be of caet-iron and in 
the other of wood, that the pair work together with much less 
vibration and consequent noise, and that the teeth wear each 
other less than if both wheels of the pair had iron teeth. 
Hence, in the best modem engines, one wheel of every 
large sized pair has wooden cogs fitted in it, in the manner 
just described ; only, instead of employing a wooden wheel 
to receive them, a oast-iron wheel with mortices in ita rim 
is employed. Large wheels of the kind hitherto described, 
in which the teeth are placed radially on the circumference, 
whether the teeth be of one piece with the wheel or separate, 
are termed gpur-wheeU." — -ZVo/l WHlw's MeckanUm, Art.65. 



ASSVLA^ WHEELS. 

84. When wheels transmit motion to 
one another, ae in the annexed fig., they 
are called annular wheels, the teeth in 
the isi^e wheel being cut in the internal 
side of the annulua or rim; hence the 
two axea revolve in the tame cUreetwn, 
whereas they revolve in contrary diree- 
tions when the teeth are on the outside 
of the rim. The arrangement shown 
in the fig. is sometimea required in 
machinery. 

ANOrLAB TELOCITT. 

84a, Let B be the radius of a wheel 
revolving round o ae a centre ; let o b 
move to the position o b in one second, 
'then the length of the arc b s is the 
velocity of the point b of the wheel. Let ^ 
ft point M, one foot from the centre o, ° 
dea&ibe the arc m n, meeting o a isi n ; 
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the arc ^ n is the measure of the angular Telocity of the 
wheel. 

Let the length of the radius b o =r r, t = velocity of the 
point B, and v = the angular velocity or measure of the arc 
mn; then by similar sectors, 





r : T :: 1 : V, 




whence, 


r t? = V. 


(1) 


and 


y 

r 


(2) 



whence, by knowing the velocity of the circumference of a 
wheel, of which b o is the radius, its angular velocity 
becomes known. 

Also let n = number of revolutions made by a wheel in 
a se^nd or any other given time, and put 7r= 8*1416 = semi- 
circumference of a circle the radius of which is unity; 
r, y and v representing the same things as before ; then, 



circum. of wheel = 2 tt r. 




and vel. of circimi. of wheel = 2 « ir r. 




that is, y = 2w7rr, 


(3) 


andn = r 


W 



But since T=zrv from equation (1), we shall have by 
substitution, 

rv V 

27rr 27r ^^ 

andi? = 29r7i (6) 

See FrofessoT WilWs Princij^Us ofMechanwmy Art. 11. 

Examjple 1. — Let a wheel, the radius of which is 10 feet, 
have a velocity of 12 feet per second at its circumference; 
required its angular velocity ? 

In equation (2), by substituting 10 for r, and 12 for y, 
that is, 

TcL 2? = - = Tpr = 1| fb. per secona. 
r 10 ^ 
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Ike, 2. — The driving-wheel of a locomotive engine, the 
radius of which is 3 feet, makes three revolutions in a 
second; required the rate of motion of the locomotive 
engine per hour in miles P 

By equation (3) the velocity of the circumference of the 
wheel is 

v=2 »rn r=2 X 31416 x 3 x 3=55-5488 feet per second ; 

hence the distance passed over by the wheel in 1 hour, or 
3600 seconds, will be 55-5488 x 3600= 199975 feet ; which, 
being divided by 5280, the number of feet in a mile, gives 
37^ miles nearly. 

Ex. 3. — ^The radius of a wheel is 8 feet, and its angular 
velocity 5 feet ; required the velocity of its circumference ? 

Ans, 40 feet. 

JEJr. 4. — ^In a train of three wheels and their piuions, (see 
fig. to Art. 31) the nimiber of teeth in the wheels t t' t" 
are respectively, 112, 128, and 96, and the number of leaves 
in the pinions t^ t\ t" are respectively 12,8 and 14 ; required 
the number of revolutions made by the pinion t" while the 
wheel T turns once round, and the angular velocity of the 
pinion f when the velocity of the circumference of t is 
3 feet per second ? 

JEx. 5. — A locomotive engine moves at the rate of 60 
miles per hour ; required the number of revolutions made 
per second by the driving wheel of the engine, its radius 
being 3 feet ; also the number of revolutions made by a 
conmon wheel of the same engine in the same time, its 
radius being 20 inches P 



MOTION BY EOLLHra CONTACT — ^AXES NOT PABALLEL. 

35. If the two axes of rotation be not parallel, they will 
either meet, when prolonged, or not ; these cases shall be 
considered separately. 



BEYEL GEAB« 

B6. Axes meeting when p'olonged.— li^\» ^^ «^^^ ^^ ^^^- 
tioh b3,cc meet, when prolonged, m ^. Oi^.^^^ ^xk^ns^^ 
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right cones ±td, Avf, the Terticee of wMcb meet in a, 
are formed, touching each other in the hne abb. When the 
cone A.^d reTolves on its axis s b, it will tranemit a rotatory 
motion to the cone a bJ' on its aua 
G by rolling contact. In practice 
thin finiatums or firusta of the cones 
are used, as dDex,ei/i. 

As these conical sumces will eri* 
dently roll freely againat each other, 
they will perform their rotations in 
the some manner as the cylindrical 
wheels in Art. 25, that is, if b and 
r be the radii of the frustums at 
any point where they are in contact, and s the numbOT of 
levolutionB made by e sfe while do en makes one revolutimi; 
then 

B drcmn. B d 

K = -or, = -: V, 

r circum. ij 

To maintain adhesional contact more firmly, the surface of 
one or both rollers may be corered with thick soft leather, 
but it is more common in 
practice to cut equidistant teeth 
on each surface, the outline of 
the teeth being directed to the 
I vertex a of the two 
H ADX, AXF, as shown in 





and B, their azes. 

37. Wheels having their teeth cut, aa la the fig., are called 
hevelgear; their mathematical principle was first Md down 
by Camua in 1766. 

38, The position of the atet <^ two level wheelt, and their 
radii being given, to conttruet the conical amfaceg forming the 

wheels. 

Let A B, A be the position of the two 
axes. Draw db, ec respectively parallel 
to A B, A c, and at distances equal to the 
radii of the wheels, \f!tdb,ec meet in B ; 
join A B, which is the line of contact of 
the two cones. Through e respectively 

Serpendicular to a B, a o draw the outer 
iametera id, by of th« two be'^nil 
vheels; join ab, at; t^iea vm, a'e* 
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will be sections of the required cones, from which any con- 
venient breadths Bm, on may be taken for the thickness 
of the wheels. 

CEOWN WHEELS. 

39. Eotation is transferred from 
one axis to another, which is at 
right angles to it, by means of a 
crovm-wheel, as B, which gives 
motion to the wheel or pinion a. 
The teeth of the crown-wheel, it 
will be seen, are cut in the edge 
of the hoop, which forms its rim. 
This combination of wheels is 
much used iu clocks and watches. 





FACE-WHEEL AND LANTERN. 

40. Also, when the axes of the wheels are at right angles 
to each other, and one of 
them is required to revolve 
much quicker than the 
other, the form of a cylin- 
drical lantern was usually 
given to the less wheel, as 
A, the teeth of the large 
wheel, as b, being fixed in 
its face, hence the name " face- wheel." 

This arrangement of the wheel and pinion, as well as that 
in Art. 32, has long been, and still is, much used in old 
mills. For further information on this and like subjects, 
see Prof, Willises iPri/ndples of Mechanism^ Arts. 61, 62, 
and 63. 

BEVEL-GEAR, AXIS NOT MEETING. 

41. Am8 not meetmg when prolonged. — This case admits 
of solution by means of a third iutermediate cone. 

The position of two axes, which do not meet when prolonged, 
being given, to construct bevel-wheels to transmit rotatorg 
motion from the one to the other. 

Let A a, B 5 be the two axes, take a third liue meeting the 
two axes, prolonged, if necessary, at any convenient points 
and D respectively; and let another axis be formed in 
the AiTectioB. of this third line to xeNob^ X^^Nt^^^ts^^^^^ ^^J^'st 
two axes. Now a pair of frustuHva e, j^, oi o.o^^es^^V^xs^^'^ 
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common vertex o ; and another pair of frustums g^ A, having 

a common vertex d, will be thus formed, of which the 

frustums/y are fixed on one axis D, 
which frustums will communicate 
motion by rolling contact from e to 
A, and teeth may be formed on the 
conical surfaces e,^y, A, as in former 
cases. Moreover, it is obvious that 
the wheel h will transmit the same 
ratio of velociiy to the wheel e as 
if they were m contact, and the 
equation in Art. 36 will equally apply 
in this case. It will be perceived 

that in this case the wheels e and h revolve iu the same 

direction. 

IDLE WHEELS. 

42. A wheel placed between two other wheels, as that on 
the axis c n, between those on the axes a a, b 5, is termed an 
idle wheel, whether the axes of the wheels are inclined to 
one another, as in the fig., or all parallel. An idle wheel, as 
appears from Art. 41, does not affect the velocity ratio of 
the two wheels with which it is in contact, but causes them 
to revolve in the same direction. 




INTEEMEDLA.TE BEVEL-VTHEELS. 

43. The axes of wheels, whether they be parallel or 

inclined to one another, may 
be made to revolve either in 
the same or opposite direc- 
tions, according to the relative 
positions of the wheels. Thus, 
k the marginal fig., the in- 
termediate bevel- wheels b and 
E, mounted on the same axis, 
connect the driving-wheel a with the wheels o and n ; of 
which the wheel c revolves in the same direction as a ; and 
the wheel d in the contrary direction. 




IfABLBOBOtiaH WHEELS. 



44. When the shafts of two wheels a and b, whether 
parallel or inclined, are so close together t\iafc t\ie nj\v^^% 
cannot be placed with their teeth in contact mt\LOUt m^Ssm^ 
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them too small, they may be fiied as shown in the annexed 
fig., 80 as to lie one behind the other, 
the connexion being formed by the idle 
wheel o, the thichneBs of which must 
be double that of the wheels it con- 
nects. This airangement is used in 
the roller frames of spinning machi- 
nery, . 

BESW Blmi^WHEBLS. 

16. "When the axes of two wheels are inclined to each 
other, without meeting when prolonged, instead of an inter- 
mediate double bevel-wheel, as in Art. 11, the fhiHtuma, 
derived from the tangent conea of a pair of hyperboloida, 
may he employed. The direction of their teeth must he 
inclined to the base of the frustums, to enable them to come 
in contact. Prom the inclined position thus given to the 
teeth, wheels of this kind have obtained the name of S&eto 
Be<EeU. These wheels are not much used on account of the 
difficulty of their construction. 

For the method of forming skew bevel-wheels, uid 
marking out the teeth upon them, see Prof. WilWs 
PrincipU» qf Mech^aim, Arts, 47 and 67. 

THE K&CE JtND PDTIOS'. 

46. The combination, in the annexed f 



lecting link between wheel-work and the 
the most simple machine of the kind for 



ridered 

lever, and „ — — 

producing a continuous vertical 
motion with great jmwer. " In 
this machine the axis of motion 
e c forma the fulcrum of a lever 
whose longer arm ca is called 
the tnneh, and describes a 
complete circle ; the shorter 
arm is repeated in the figure 
8 times, forming the 8 leaves 
or teeth of the pinion, and 
there is always one of these 
employed in Oiling by one of 
its teeth the rack b o to which 
the load or other resistance is 
Thus, as soon aa 
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is ready to supply its place; and though each llfbs the 
weight only through a very small space, the entire range is 
limited only by the length of the rack. But in lifting the 
weight through this range, the hand at a must describe 
altogether a space much greater, viz. in the proportion that 
the circumference dad exceeds the height occupied by 
8 teeth of the rack." 

Let B = length of the winch c a = radius of the circle 
DAD, and T = radius of the pinion, p = power applied to 
the handle a of the winch, and w = weignt raised by the 
rack B c ; then, since the p and w act perpendicularly to 
the arms of the lever, formed by the winch and pinion, we 
shall have by Art. 16, in case of equilibrium, 

p X B = w X r, 

P XB 



or w = 



Example, — Let b = length of the winch = 18 inches, 
r = radius of pinion = 2 inches, and p = 160 lb. = power 
that can be exerted by a strong man ; required the weight w 
that can be raised by the rack and pinion? 

Here w = ?^i5 = l^^iil? = 1350 lb. = 12 cwt. 6 lbs. 
r 2 
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ON PITCH— THE TEETH OP \ 

AXLES— HOOKES JOINT— FEICTIONWHEBLB— ENGAGEMENT AND 
DIBEtiGAgEHENT OF UACHINEBV— CDHCENTBIC WHEELS 

47 The Bubjomed fig representB portions of a dnving- 
wheel nnd its pimon, with the teeth formed on them in the 
moat usual manner , A and B the centres of the wheel and 
pinioD respectively The Ime A B jouung the centres of the 
wheeU in called the 
line ofcentret and the 
two circles mtn, min 
are called the fitch 
oiBOLXB , these two 
circles touch each 
other upon the line of 
centres at t, their 
centres being the can 
tres, and are respec- 
tively of the same 
diameters as those of 
<7^1inder«, the rolling 
contact of which would 
be the same aa that 
produced by the in- 
troduction of teeth. 
The pitch circles have 
always their radii pro- 
portional to the num- 
ber of teeth in their respective wheels. The circumference 
of the pitch circle is divided into the same number of 
equal parts as the number of teeth required in the wheel ; 
the length of one of these parts ia called the pitch of 
ike teeth, each part containing "libe eucA. &«u«siKib cic^s:^- 
pied bj one complete tooih tmA ^oce." '^a -^ot.*!. «fi<w«> 




so PITCH CIBCLES. 

teclinically means an opening between any two consecutive 
teeth. 

Let p = pitch of the teeth, n = number of teeth, 
d = diameter of the pitch circle, and ir = 3*1416 = diameter 
of a circle to radius 1; then, both the following products 
are equal to the circumference of the pitch cirde, and 
therefore equal to one another, that is, 

ird = np; 

from which equation, if any two of the three quantities 
^, d^ n, be given, the third may be found ; thus, 

v 

ltd 

« = — (2) 

P 

1 If d 

and » = — (3) 

"^ n 

Only a given number of standard values are used for^, 
or' the pitch of the teeth, in cast-iron wheels ; the values 
most commonly used are J, j, i, |, f, li, IJ, 1}, 2, and 3 
inches ; and it rarely happens that any intermediate values 
of the pitch of the teeth are reqiured. Por machinery 
of less size, as clocks, watches, <&c., the wheels are not cast, 
but cut out of discs of brass or steel by a cutting engine. 
In conical or bevel-wheels the pitch circle is the base of the 
frustum. 

Excmple 1. — A spur-wheel is required to have 60 teeth ; 
required the diameter of the pitch circle, the pitch of the teeth 
being 2 inches? 

By equation, (1) : 

<? = — = ^ , ^^ ■ = 38*196 inches, the diameter required. 
TT 3*1416 

Ex, 2. — The diameter of the pitch circle is 24 inches, and 
the pitch of the teeth 1 J in. ; required the nimiber of teeth 
in the wheel? 

By equation, (2) : 

ird 31416x26 ^^ ^ ^^ ^, 

^ — — = 7"; = 60 = numoeT oi teeui. 

J? li 
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Ex, 3. — ^A wheel is 61 inches in diameter and has 96 
teeth ; required the pitch of the teeth? 
By equation, (3) : 

^d 31416x61 ^. , ., .. , . , 

jp = — = Q^ = 2 inches, the pitch required. 

48. To find the ntmber qf teeth <md dicmieter of the pitch 
circle hy Willises Table, Art. 73, JPrin, of Mechanism, 

JExmnpU 1, — A wheel has 21 teeth of 2-in. pitch ; required 
the diameter of the pitch circle? 

Here the factor, in the third column of the table, cor- 
responding to the given pitch is *6366, which multiplied by 
21 gives 13*35 inches, the diameter required. 

Ex, 2. — The teeth of a wheel 4 ft. diameter are li in. 
pitch ; required the number of teeth? 

Here the factor, in the second column of the table, cor- 
responding to the given pitch is 2*5132, which multiplied 
by 48, the diameter in inches, gives 120, the number of 
teeth required. 

THE TEETH OF WHEELS. 

49. The formation and arrangement of the teeth of 
wheels constitute an important and interesting branch of 
this subject, and many eminent mathematicians have there- 
fore been led to investigate the nature of the curve which 
should form the flanks of the teeth of two wheels revolving 
in contact, so that the force may be conveyed from one 
wheel to another with a constant velocity ratio, and with the 
least friction or rubbing. The curves that have been found 
the most effectually to answer the required conditions are 
the epicycloid and the involute of the circle. Learned 
investigations on this subject are given in Prof Willises 
Mechanism and JBuchcmcm^s Treatise on Machinery ; but as 
these cmrves are not easily described, and as the small 
portions of them, which are required in the length of a 
tooth of a wheel, will make so near an approach to an arc 
of a circle that the difference is practically imperceptible, 
these arcs are therefore now commonly used for the purpose, 
taking care to determine correctly the radius of curvature, 
and the position of the centre of the arc. For this purpose 
Prof WiUis has invented an instrument which he calls the 
Odontoyriwh, or tooth-describer, by which the circular arcs 
for the flanks of the teeth of ^\ife^^ «xi^ ^sw^^iiH^^^i^ 
deacnbed, and with suffiLcient aftcm^^cj iot Y^^^^ ^^^cc^^'^rs^^ 
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This instrument is at present used in most of the best 
factories with complete success. 



THE ODONTOGEAPH. 



" The opposite figure represents the Odontograph exactly 
half the size of the original ; but as it is merely formed out 
of a sheet of card-paper, this figure will enable any one to 
make it for use. The side n t m, which corresponds to the 
line ny in the following figure, is straight, and the line 
T c makes an angle of exactly 76° with it, and corresponds 
to the radius a d of the wheel, the side n t m is graduated 
into a scale of half inches, each half-inch being divided into 
ten parts, and the half-inch divisions are numbered both 
ways from t." 

50. " One example wiU show the method of using this 

instrument. Let it be 
required to describe the 
form of a tooth for a wheel 
of 29 teeth, of 3 inches 
pitch. Describe from a 
centre a, an arc of the 
given pitch circle, and 
upon it set off d e, equal 
to the pitch, and bisected 
in m. Draw radial lines 
I) A, E A. Eor the arc 
within the pitch circle 




apply the slant edge t o 
or the h 



instrument to the 
radial line a n, placing its 
extremity n on the pitch 
circle, as iu the figure. In 
the table headed, Centers 
for the Flanks of Teeth, 
look down the column of 3 inch pitch, and opposite to 80 
teeth, which is the nearest number to that required, will 
be found the number 49. The point y indicated on the 
drawing-board by the position of this number on the scale 
of equal parts, marked Scale of Centers for the Flanks of 
Teeth, is the center required, from which the arc mp must 
be drawn vdth the radius gm. The center for the arc mn, 
or face, which lies outside the pitch circle is formed in a 
manner precisely Bunilar, by appfying the alaiit ed^e> of t\ife 
iastrument to the radial line e a. The number ^\ o\>\aMi<&^ 
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firom the lower table, will indicate the position f of the 
required center upon the lower scale. In using the instru- 
ment, it is only necessary to recollect, that the scale 
employed and the point m always lie on the two opposite 
sides of the radial line to which the instrument is appHed. 
The curve n mp is also true for an annular wheel of the 
same radius and number of teeth, n becoming the root and 
p the point of the teeth. For a rack, the pitch line d x 
becomes a right line, and d a, E a, perpendicidars to it, at 
a distance equal to the pitch. 

Numbers for pitches not inserted in the tables may be 
obtained by direct proportion from the column of some other 
pitch : thus for 4-inch pitch, by doubling those of 2-inch, 
and for half-inch pitch by halving those of inch pitch. Also, 
no tabular numbers are given for twelve teeth in the upper 
table, because within the pitch circle their teeth are radial 
lines.* " — I^rof. Willises Mechcmism, Arts. 142 and 143. 

* " In fact, in the actual instrament I have inserted columns for ^, 
i; h h |i ^^^ ^i pitch, which are omitted in the fig. for want of room, 
and are indeed scarcely necessary, as the numbers are so easily obtained 
from the columns given. 

It is unnecessary to have numbers corresponding to every wheel, for 
the error produced by taking those which belong to the nearest as 
directed, is so small as to be unappreciable in practice. I have calcu- 
lated the amount and nature of these errors by way of obtaining a 
principle for the number and arrangement of the wheels selected. It 
is unnecessary to go at length into these calculations, which result 
from very simple considerations, but I will briefly state the results. 

The difference of form between the tooth of one wheel and of 
another is due to two causes, (1) the difference of curvature, which is 
provided for in the Odontograph by placing the compasses at the 
different points of the scale of equal parts, (2) the variation of the angle 
DAE (fig. to Art. 50), which is met by placing the instrument upon 
the two radii in succession. The first cause is the only one with wMch 
these calculations aro concerned. Now in 3 inch pitch the greatest 
difference of form produced by mere curvature in the portion of tooth 
which lies beyond the pitch circle, is only '04 inch between the extreme 
cases of a pinion of twelve and a rack, and in the acting part of the aro 
within the pitch circle is '1 inch, so that as all the other forms lie 
between these, it is clear that if we select only four or five examples 
for the outer side of the tooth and ten or twelve for the inn^ side, 
that we can never incur an error of more than the jjgth of an inch in 
3 inch pitch by always taking the nearest number in the manner 
directed, and a proportionably smaller error in smaller pitches. But 
to ensure this, the selected numbers should be so taken, that their 
respective forms shall lie between the extremes at equal distances. 
Now it appears that the variation of form is much greater among the 
^etli of small numbera than among the laxgot onoa, oxxdi >i>cAXi Sn W^ 



COUPLING OF HOEIZONTAL AXLES. 
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61. The circular portions of shafts or axles, upon which 
wheels revolve, are called gudgeons. 

The gudgeons in cast-iron axles are simply parts, or the 
extremities, of the axles turned exactly circular in a lathe. 
The circular aperture, in which the gudgeons turn, are 
called brasses ; which are made of a composition of copper 
and tin, and are very durable as well as not readily worn by 
the friction of the iron axles. The beams in which the 
brasses are fixed are called hearings, 

52. When iron gudgeons are fixed iu wooden axles the 
connection wiU be secured in the most durable manner by 
forming the gudgeon g with cross-flanges 
fl, 5, c, d, upon it ; these flanges are let into 
the end of the wooden axle, by means of a 
mortise made for the purpose, the cross- 
flanges being wedge-shaped, and having the 
front edge thinner than the back, that it 
may be driven tightly into the end of the 
axle, which is bound with a strong iron 
hoop to prevent the gudgeon from slipping. 

63. In vertical axles, whether of wood or cast-iron, the 
lower ends of the gudgeons (which have to support the 
weight of the axles, &c.) are made of a hemispherical form. 

COUPLING or HOBIZONTAL AXLES. 

64. When motion is to be conveyed by an axle to a 
considerable distance, or when the motion of a part of the 
axle is occasionally required to be discontinued, a coupling 
of the following form is commonly 
used. The axles a and b are ter- 
minated with circular heads m and 
n, on which projections and in- 
dentations are formed, so that the 

the numbers in the two following series are so arranged that the curves 
corresponding to them possess this required property. 

For the outer side of the tooth, 12, 14, 17, 21, 26, 34, 47, 78, 148, Rack. 
For the inner side, 12, 13, 14, 16, 16, 17, 19, 22, 26, 33, 46, 87, Rack, 
Now these numbers, although strictly correct, would be very incon- 
venient and uncouth in practice if employed for a table like that in 
question, where convenience manifestly requires that the numbers, if 
not consecutive, should always proceed either by twos or fives, or by 
whole tens, and so on. They are only ^ven. aa ^Qi<iR»\SL\!Qfe ^'^'sss^ass^^ 
and by companng them with the ac\,Ma\ \a)Q\©, ^«vi xys^^'-vaa.'Caft'l^'wssa&ssscv 
of the &rst column will be evideut." 
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former shall exactly fit into the latter, as shown in the fig. 
The gudgeon g of the axle a rests on its journal o ; some- 
times the axles on both sides of the coupling rest on journals. 
When the axles are required to be disengaged, one of them 
is moved in the direction of its length, till the projections 
of m be cleared of those of n. 

Note. Various forms for the coupling of axles have been proposed, 
(See Bv4ih4i7ui/ith on Machinery) but none of them have been found so . 
efficient as the one here shown ; for should the bearings yield slightly 
through any settlement of the building or other cause, this coupling 
will admit of the derangement, and still transmit the motion from one 
axle to another. 

COUPLINO OF VEETICAL AXLES. 

55. Here a represents part of the under 
shaft or axle, b the lower end of the upper shaft, 
c the journal; the termination of a is made 
square, to correspond with which there is a 
socket formed in b, which answers the purpose 
of a coupling-box. The shaft b is disengaged 
by liftiQg it vertically with a lever. 

Note. This is a very good and simple mode of coupling upright 
shafts. It is h«ld together by the weight of the shaft B, together with 
that of the wheels that may be upon it, and is not apt to get loose in 
the socket, which is found to be the case when this kind of coupling is 
used for shafts lying horizontally. A great many other schemes for 
couplings have been introduced, for which see Buchanan on Ma>chintryy 
but the one just described is considered the best. 

hooke's joint. 

56. This joint, usually called the tmiversal joint, furnishes 
another method of couplinff axles, which are not exactly in 
the same direction, but which meet when prolonged. This 
joint has to a certain degree the property of berug fiexible 
in all directions. The two axles are a a and b 5, the ends 
of which are formed like forks, which work on pivots at 

the extremities of a cross CDcd, as 
shown in the fig. ; sometimes the 
pivots are fixed at right angles on 
the circumference of a hoop, or on 
the surface of a solid ball. The 
moving parts are evidently alike in 
all these cases. 

Note. This joint is sometimes used to transmit motion instead of 
bevel gear, where the angle of the shafts does not exceed 20 or 25 
degrees, and where the number of their revolutions wee to "be ^iie %«xci!& \ 
^'ho where exact equality of motion is not required *, iox oa ^iJijie i^qSVa 
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recede from a right line, ita motion becomse irregular. Id tlieae cases 
this joint is much used for coupliuge,- bb it aUowB for the inaccuracy 
which ariaea from the settling of framing or the wearing of braesas, in 
which caaes no irregularity of motion can arise to be hurtful in practice. 
In thrashing machines it is also used in the axles of the upper rollers, 
to allow them to rise and lall according to the varpng tbickneaa of the 
sheaves. 

57. When Hooke's dovhle universal 
joint is used, a much greater inclination * 
of the shafts can be admitted; care, 
howerer, must be taken that the two 
shaftBAOiBi.ma^meet when prolonged, 
and that the angles they make with the 
intermediate piece O d may be equal. 




WHEELS. 

68. These wheels are used in delicate pieces of mechanism, 
where it is required to reduce the friction of the gudgeons 
of the wheels as far as poasible. j 
Here the gudgeons of the large 
wheel rest between four friction 
wheels. As the large wheel re- 
volves, its gudgeons communi- | 
cate by rolEng contact a slow 
motion to the four friction wheels, , 
BO that the friction is transferred 
to the gudgeons of the four 
friction wheels, thus greatly re- ' 
ducing the friction by the slowness 
friction wheels as well as by throwing the pi 
rubbing surface on eight gudgeons instead of 
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69. In order to engage or disengage machinery when in 
motion, one of the wheels, instead of 
being fiiat to the axle, has a round bush 
like a loose pulley, and a clutch or 
bayonet, which connects it with its asle ; 
thus the wheel A has a hush, and wor^ ] 
on a round part of the shaft b ; 1 
clutch D slides on a square part of the 
same axle, and is engaged or disenga^ 
at pleasure, by means oE the \e-ieT ■»■» -^ 
wbea the teetn of the dutc^i D ata ^wa 
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made to engage the correBponding teeth fixed on the aide of 

the wheel a, then a and d revolve together. 

60. "Wlieek ate often disengaged and re-engaged b}r 
means of one of the bridgea 
A B, -which carries the end 
of tbe shaft nearest the 
wheel, the bridge a b acting 
as A lever having its tiilcrum 
at B; the other end a is 
moveable, and is raised br 
applying a lever at o, and is 
held out of gear by a wedge 

or by a catch under the end of the bridge. 

Note, When a macliine is in motion, we may, with perfect safety, lift 
a wheel mrf of gear ; but in tlirowing wheoU mi(o gear, when in motion, 
thors il H great risk of breaking tha teeth; it ie nevertheless often 
done. The risk of breaking the teeth is much leas when the wheel to 
be thrown mlci gear is preciouely set in motion by tbe hand, a> the 
inertia of ths whael ii obviondy lessened. 

6L !Phe Sliding JPwUiy * Is one of the oldest schemes for 
>; and diaengagiog a machine moved by a band or 
belt. Tlie pulley p, which gives motion to 
the machine, is not fiied on the aile a b, 
but has a hollow cylindrical bush made of 
metal, accurately fitted to the axle, so that 
it may revolve freely upon it, and elide a 
little Dackward and forward. In order to 
E make the pulley p carry round the ailoAB, 
I there is a cross-piece or gland d e firmly 
fixed to it. On the side of the pulley 
towards the croes-piece d e, there is one or 
more teeth T, and when p is moved towards 
DE by the lever g C, the teeth lay hold of 
it, and thereby carry round the aile. By sliding it bact- 
Wrds, the teeth t are disengaged irom d e, of course the 
pulley stops, and with it the macbine to which it gives 
motion. 

62. Ibtt and Loose Pu2%«.— The pulley b is fixed to 
the axle a, and tbe pulley c, having a bush, is loose ; tbe 
belt or band, which conveys the motion, may be shifted from 
one puUey to the other either by the hand or by a lever. 

' ?!&« z:atw» of tbe paOej is e^lwned in iJw &1l(tnni£ <^'fi^«c. 
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When running on the loose pulley o, the aile atanda BtUl ; 
when on the fast pulley b, the axle reTolveB. 

iVbtA This coctrivance of the Ihst sad loose pul- 
leys is renuLrkiLble for its beautiful aimptidtf j the 
angagement or disengagemBnt of the mflchinery la , 
attended by do shook, and it is perliapa the moat , 
perfect thing; yat invented for the purpose, in all j 
caMs where it can be applied. Its application in 
ootton-mills ia now general, and the spinning mnlea 
were never found to give satis&ctioD until i< 
Implied. 

63. I'ly Wheel OawpUm. — The mu^inol figure repre- 
sents a eoiipUng, which is frequently used to convey motion 
from the rfy-wheel ahaft of a steam-engine; 
and is BO contrived, that in case the &y should 
turn the wrong way, the mill-work remains at 
rest, and thus prevents accidents. This effect 
is produced by means of a joint c, on the arm 
B, resembling the joint of a carpenter's rule, 
"When the fly-wheel turns the proper way, tLe ' 
arm D, on the end of the ny-snaft a, acts ' 
against the face of the arm b, on the mill- 
shafl F ; and as the joint does not yield in that direction, 
the mill-shaft is carried round with the fly-abaft ; but if, 
from any accident, the fly turns the wrong way, the arm b 
atrikes the back of the arm b, the joint yielda, and the "lill 
remains at rest. 

64. Enfftaenwni of Wheels revolving in t^poaile tUrecfums. 
— The two berel-wheels a and b rerolve loose upon bushes 



xmvey mowon 

I 




on the aide m it, and are driven in opposite directions by the 
bevel-wheel c ; either of these wheeJa a b may he engaged 
with the axle mn by means of the sliding-piece s being 
raised or depressed by the double lever H f k t, which tuma 
on the fulcrum f. The aUding-'piecft %\>«vti^ >5ks)s. -naJia 'ua 
la/ hoM of the teeth o a ot b b, V\«. KiSa -a."* "^"^ ^ 
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r^ectirelj made to revolve in opposite directions. An 
excentrie wheel or camb b, moved by the machinery, may be 
used to move the lever, and bring a. and b alternately into 
gear. 




. Two separate wheels a and b may revolve concen- 
trically, that is, on the Bsme axle; the 
wheel B is fixed to the asle c, and the 
wheel A. to a tube or cannon d, which 
turns freely on c e, both k. and B being 
turned by E, the three cones having a 
commoD apez^. It will be seen that a 
and B revolve in opposite directions ; and 
since E is an idle wheel, the velocity 
ratio of B to A will depend on their respective number of 
teeth. 

66. The Sour and Mnute Mandt of a Clack or Watch.— 
In this case the concentric wheels are required to revolve 
in the same direction, and four wheels are necessary. The 
wheel X is fixed to the axis f, and the wheel y to a 
cannon c revolving freely on the axis F. The minute 
hand v is fixed to the axis V, and the hour band to the 
cannon c. The driving wheel communicates motion to the 
wheels e and F, which are fixed on the same 
I axis, and f eommunicates to the canuon c. 
Let E have 12 teeth, e 36, F 10, and / 60 ; 
then, by Art. 30, 

e's vel. _ M'svel . _ 86 x 40 _ 13 
/•a vel. ~ H'a vel. " 12x10 ~ T' 

that ia, the minute hand m makes 12 revo- 
lutions while the hour hand makes one. 

Nott. VariouB other numbeca may be given to the 
teeth of the wheels to produce the eaiae result ; tbtu, 
if the wheels s t have equal mimbera of teeth, the wheel / must have 
12 timea tiie niimbw of the wheel f. 
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67. A Pulley ia a email wheel A b moreable about an axis 
paseing through its centre ; in the circumference of the 
wheel ia a groove to admit a rope or flexible chain. The 
pulley IB caUed fixed or moveable, according as 
ite aiia ia fixed or moveable. A force p 
drawing the cord pabw cauBCB the pulley to 
turn on ita axis c, and draw up the weight w, 
attached to the other end of the cord, the 
weight w ascending through a apace equal to I 
the dcBcent of the force or power p, and the 
space described by the circuiofereuce of the I 
pulley being equal to the space descended by P, 

6B. An ^fl^^eg«d>r(^ or ^ofl^paases round the filed pulleys 
or wheels A and B (fig. 1), and when one of the wheels, as 
A, is turned round, motion ia transmitted by the hand to the 
wheel B. The circumferences of the wheels have the same 
velocity, since the band is in continued contact with both 
A and B ; therefore, if ir be the number of revolutiona made 
by the wheel b, and r its radius, n the number of revolutions 
niade by the wheel a, and b its 
radius ; then 



or the number of revolutiona, made 
by the wheel b, while a makes one 
' revolution, (since in this case m = 1), 
will be 

B 

T'=- (2). 

If the wheela be equal they ^rili. 



.^i > ^i\ 
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revolve round in the same time ; for if in equation (2), b =r, 
there results n = 1. 

The band may be direct, as in fig. 1, or it may be crossed^ 
as in fig. 2. In the former case the wheels a and b will 
both turn in the same direction, and in the latter case the 
wheels a and h turn in opposite cUrections, 

69. When a thick band is passed over a wheel, its inner 
surface is compressed, while the outer surface is extended, 
the centre of the band alone remaining in the original state 
of tension ; hence the radii of the wheels, to which rotation 
is imparted by the band, are extended by half the thickness 
of the band, which half thickness must be added to each of 
the radii in computing the number of revolutions. Let 
i =i i thickness of the band, then equations (1) and (2) 
become respectively, 

XmmpU 1. — A pulley a of 8 inches radius communicates 
rotatory motion to pulley b of 2 inches radius, by means 
of a tmn band ; how many revolutions will be made by b 
while A makes one revolution P 

By equation (2), Art. 68, 

N = number of revolutions = - = - = 4. 

r 2 

JSx, 2. — When the motion of the pulleys a and b, in the 
last example, is communicated by a cord 1 inch in thickness ; 
required the number of revolutions made by b while a makes 
one revolution ? 

Here the \ thickness of cord t '=■ \ inch must be added to 
each of the radii of the pulleys, whence by equation (4), 
Art, 69, 

, . »-f-^ 8-f-i 17 ^„ 

N = number of revolutions = — -— = - — -, =-— = 31-, 

which is |- of a revolution less than in JKr. 1, arising from 
the thickness of the cord. 

Note, " Motion, communicated by cords, bands, or straps, is remark- 

ablj smooth, and free from noise and vibration, and on this apcount, as 

well aa from the extreme simplicity of the method, it is always preferred 

to every other, unless the motion require to be conveyed in an exact 

miio. As the communication of motion between. t\ie vrWAa «si^\>Qxvda 
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bappen that it may occaeionally foil through the buid sliding oo the 
pul^f. This, if Dot excessive, is an advantageouB property of the 
contrivance, because it enables the machineir to give waj ■when 



imuBual obstructioiu or reeiatances are opposed to it, uid ao prevents 
bret^age and acddent. For eiample, if the pulley to which motion ii 
oommumcated were to be suddenly stopped, the driving pulley, 
iaatead of receiving the shock and tmosmittiag it do the whole of the 
nochiner; in connexion with ii, would slip round until the friction of 
the band upon the two pulleys had gradually destroyed its motion. 
But if motion is to be trsusmitted in an exact proportion, for example 
■nch as ia required in clock-work, where the hour hand muat make onB 
exact revolution while the minute-hand revolves exactly 12 times, 
banda are inapplicable ; for supposing it practicable to make the pulleys 
in BO preciBa a manner that tiieir diainetere should bear the exact 
proportion required, which it ia not, this liability to slip would be &laL 
Bi^ in all that large class of machinery in which an exact ratio ia not 
required to be malntsjued in the communication of rotation, endless 
handa are always employed, and are capable of trtinHniitiing great 
forces."— i^f. WiilWi Meehamtm, Art, 178. 



I'OBMB OF PULLETS. 

70. The Mrm of the Pulley on which an endless band ia 
to act is of importance, since the adhesion of band to the 
pulley ia thus greatly influenced. 

Eonnd bands of rope, catgut, Ac, or even chains, require 
an angular groove, as A, into which 
they are forced by teasion, and 
thus grasp the pulley more firmly. 

"When soft cords or bands are ' 
used, sharp short spikes are fixed 
round the bottom of the grooves, 
as in B ; these spikes prevent the 
band from slipping, but at the same tune gradually wear 
it out. 

" If a tight flat belt run on a revolving cone, it will advance 
gradually towards the base of the cone, instead of sliding 

towards its point, as might be expected at first sight." 

" Advantage ia taken of this curious property in forming the 
pulleys for straps, which are made in the form represented 
in the pulley d, which ia a little swelled in the middle. 
This slight aweUing is more effective in retaining the belt 
than if the pulley had been fiimiabed with edges, as in c ; 
and the form of n, besides its greater simplicity, enables the 
belt to be shifted easily off the pulley. lnfeiit,-«WQ.^^-a!iss^ 
of the form c is used, the beU Viii ^emet^-^ -oa&jfc >&».^-»\ 
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to the top of one of the side disks, and remain there, or 
else be huddled up against one or other of them, but will 
never remain flat m the centre of the rim, if there be the 
slightest difference of the diameters of the two extremities 
of the cylinder. In order to bring the belt into contact 
with as much as possible of the circumference of the pulley, it 
is bettor to cross it, as in Art. 68, fig. 2, whenever the nature 
of the machinery will admit of so doing." — See ^rof, 
WUWs Meehcmism, Art. 181, where further information on 
these subjects may be obtained. 

GEAMNa CHAINS. 

71. When a wheel is required to re- 
volve imiformly, and presents such con- 
siderable resistance to motion as to 
cause straps or bands to slide upon it, 
gearing chains of various forms are used. 
The marginal ^g. shows a wheel or 
pulley, (similar to the section b, ^g, to 
Art. 70,) where the alternate links of 
the gearing chain lay hold of the spikes fixed in the 
circumference of the wheel. 

The lower fig. presents another 
form of the gearing chain, from 
Sachette, in which the links are 
riveted together, somewhat after the 
manner of a watch-chain, the links 
having pointed spikes or teeth, which 
enter the notches made on the edges 
of the wheel, and thus effectually 
prevent slipping. 

FIXED AND MOVEABLE PULLETS. 

72. Pulleys are called fixed or moveable, according as 
their axes are fiaed or moveable ; thus, d c is a fixed pulley 
and B A a moveable one. In the annexed fig., it is evident 
that the rope p o d a b h must have the same tension 
throughout its length, and that this tension must be equal 
to the power p, and since the tensions of the two parts of 
the rope a d, b h are each equal to p, the weight w, suspended 
from the axis of the pulley a b, must be necessarily equal to 
^j'ln case of equilibrium. If w witli ita 'p\i!ll©Y k'b Bj^Cievid. 
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n feet, the cords a d, b h will each be ahotieoed jt feet ; 
Jieace tke rope cpwill be lengthen! 
2 n feet; that is, 

p'b vel. = 2 X w's vel, 
and it has been already shown that 



TACKLES or PULLETS. 

73. The same principle majbe applied 
to a sjBtem or combiaation of puUeys, 
called a tackle, aU drawn hv one cord, 
passed oyer an equal number of fiied 
and moveable pull^s, called blocht of 
pulleys. In fig. 1, (neit page) P : w : : 
1 : number of ports of the cord passing 
oyer the moveable block. Therefore, 
since the number of parts of the cord 
going over the moveable block is 4, we shall 

p : w : : 1 : 4, 




And generally, if the niunbet of these parts of the cord b 
n, then 



Also, on the same principle, in fig. 1, 

p's vel, = 4 X Wb vel. 

And generally, when the number of these parts of the cord 
is n, then 

p'a vel. = « X w's veL 

74. In fig. 2, the weight, being sustained by 3 cords, is 
equtd to 3 times the power ; and generallr, if the number of 
parts of the cord (passing over moveaole pulleys) be n, 
then 

(» + 1) p = w, 
and p's vel. = (« + !) w. 

75. In the pulleys hitherto described only one rope has 
been introduced; we have noTi to <»ii^^t '<!o.'& ^'SaiX. <X, 
several distiDct ropes in tke aamQ K^^^iem.. '2^iia■i* •tsn^a^sssti.t 
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more tliKa one rope are called ^anUh hartotu. finch a 

Sitem » »f»e«Dted in fig, 8, containing two ropes, 
la tctuton of the rope p b a s ia evidentlj' equal to . 
ths power 5 w njaquentiy the portionB ab and ad must 





rig. 2. Fig. 8. 

each Bustain a portion of the weight eqnol to the power. 
The rope c b HustainB the tensions of b F and b a, and 
. therefore the tension of b c a must equal twice the power. 
The united tensions of the ropes which support the puUej a 
amount therefore to four times the power. 

76. In the combination, fig. 4, a cord passea over the 
fixed pulley 'B, under the moveable pulley n, and is fixed to a 
hook at 1. Another cord is fixed at n, goes under the move- 
able pulley c ; and ia fixed to the hook at 2 ; and ao on. 
ftom Art. 55, 

the weight at s = 2p, 

the weight at c = 2 x wt. at d = 2' p, 

the weight at b = 2 x wt. at c = 2' p ; 

and if the number of moveable pulleys be «, then 

2"'p = w 

and p'a vel. = 2" w'b vel. 



white's tackle. 
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SxampU. — IJet the number of moveable pulleys be 4, aa 
in the last fig., and the power 1001b.; required the weight ? 
Intheequa. 2"P = it, 
or, 2'xl00=:16001b.=w. 

The tenBion of each of the HtringB in thlB system is iihown 
by the numbere above the hooks, these tensions being f, 2 p, 
4p,&c. 

Unit. Although the power increase! npidly in tUB sjatem, being 
doubled by the addition of every moreiible pulley ; tblB advantage 
orer the oommoQ syetem is more than oouuterbBlanced by Hie very 
limitsd range ; einca in the conimon blocks, the motion m&y be continued 
till the fixed and moveable block come into contact. But in this Byitem 
the motion con only be continued till 9 and s come into contact, at 
trhich time the other puUoya will be fkr apart, because c rises only half 
BB taiA eaa, B only one-fourth, and A only oue-eighth as faet. Henoe 
Uie lougBit possible range is but a Bmall portion of the whole he^t 
ooenpied by the system, which accordingly entula a great waste of 
■psoe, and ia hardly of any practical use. 





wsite'% tackle. (Fig. 5.) 

77. As the pnlleys, in Art. 75, flg. 1, revolve with widely 

different velocities, according to the Q^iiKQ.\fAi^ QlTts^^^^fei^ 

over tbem, thus produiang on eaiotiBQ'aa ^ass^iMcSri "ai. "^la 
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wear of the axles, as well as different amounts of Motion 
against the sides of the blocks ; to remedy these defects. 
White's Tackle (from the inventor's name) was suggested ; 
in which the pulleys were made to differ in size, in proportion 
to the quantity of rope to be passed over them ; thus 
causing them to revolve all in the same time, the pulleys 
on the same block requiring no divisions between them. 
By tracing the different velocities of the rope on the blocks 
in figure 5, and by supposing the lower block to ascend 
one foot, it will be readily seen that the pulleys on the 
upper block, beginning with the least, throw off respec-s 
tively 1, 3, 5, Ac, feet of rope ; while the corresponding 
pulleys in the lower block throw off 2, 4, 6, Ac, feet, respec- 
tively. Therefore, the radii of the pulleys in the upper block 
must be proportioned as the numbers 1, 3, 5, &c., and the 
radii of those in the lower block as the numbers 2, 4, 6, Ac, 
so that they may all revolve exactly in the same time. 
The pulleys in each block may, therefore, be all formed by 
cutting several grooves upon the fisice of one solid conical 
wheel ; and by passing the rope successively over the grooves 
of such wheels, it would be thrown off in the same manner 
as if each groove were upon a separate pulley, and thus all 
the inequality of wearing and friction would be avoided, 
except the uniform friction at the axes of the two blocks, 
which would be comparatively small. 

If the rope be tied to the upper block, the proportions of 
the radii of the grooves of the two blocks must be reversed. 

Note. In these cases the effect of wdghts of the blocks and pulleys 
have not been noticed : in most cases it will be found that their weights 
act against the power, which is thus diminished according to the 
amount of these weights. 

aUXDE PULLETS. 

78. These pulleys are used to 

change the direction of the motion 

of cords or bands: thus a band 

moving in the direction a ^ may 

have its path changed to the direc- 

^ tion II B by guide pulleys. When 

the lines of direction of the band 

meet in one point, n, one pulley wiU be sufficient, with its 

axis placed /perpendicular to the plane of the two lines, a n^ 

^B, and the diameter of its grooye made to touOtx\^i'^i<a ^m^^. 
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If this be not convenient, then two piilleyB will be required, 
tiie poaitions of which are found aa followe : 

Draw a third line, a h, meeting the two former lines in 
wij GonTenient points, a and h, and let this line be part of 
the path of the hand. Fix, as before, guide puUeyB at the 
iutersectionB a and i, the axes of which must be respectivelf 
perpeadieular to the plane of the two directions of the 

79. "Let A B be two pulleys, whose axes am neither 
parallel nor meeting in directiooj and let 
the line e dhe the intersection of the two 
planes of theae puU^s. In this line, 
asBume any two convieiuent points c and d; 
and in the plane of a, draw e e, d f, tan- ' 
gents to the oppOBite sides of this pulley ; 
also in the plane of b, draw c g, d h, 
similarly tangents to the piilley b. This 
procesa girea the path of the endless 
band, e eghd f,va. which it may be re- 
tained by the guide pulley at e in the 
plane « c y, and another at d in the 
plane/rf A."— See Prof. Willu'g Meehamtm, Art. 18T. 




WHBBL AND AXLE WITH WEAPPIKG COEDS. 

80. Let c A, B be the radii 
of the wheel and aile, at the' 
eitremities of which the power 
and weight act ; then A B o may 
be considered as a lever, the 
fulcrum of which is C ; and since 
the power P and the weight w, 
being suspended by cords, act 
perpendicularly to a o, we shall 
We by Art. 7, equa, (1) and (2) 

p'a vel. _ A c 

w's vel. "bo' 

and FXAC = wxBC. 

81, If the power ^ act in the direction a p, which cuts 
A o at right angles in n, then there will be an equilibrium 
whenj> X cd=w X b o. 

82: When p and w soataiiv ftwV w'Ckct \>i ■tosw^'' •*- " 
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wheel and axle, the thickneBB of the rope by vhich they are 
Buatained, if canBiderable, must be taken into account ; that 
is, we must add half the thickness of the rope to each of 
the distancee at which p and w act. Therefore, if b = radius 
of the wheel, r = radius of the axle, and 2 t = thickness of 
the rope, then we shall hare 



p's veL _ 
w's TCL ~ 



l+t 



and Tx(n + t) = vx (r+t). 



THE BAOHET^WHEEL. 



t. The Eachet-Kheel is a simple contrirance for preventing 

a wheel irom turning except in one 

il direction. A catch, c, plays into the 

I teeth of the wheel a b, permitting it 

to reyidve in the direction of c B, but 

preventing any recoil on the part of 

I the weight, or resistance contraiy to 

the direction of the power. This 

contrivance may be connected with 

other machinery by means of teeth, 

bead of cords, or the wheel and 

axle, as in the cases of the turnstiles 

of bridges, Ac., where the number of 

turns of the rachet-wheel is required 



'k ^ 



The equations of the velocity ratio and of equilibrium are 
the BWiie in thii case ae in Art. 80. 



THX VOTDI^BS Aim OAFBTAir. 

84. la the toMlati, the power acts by means of a winch 
or handle fixed on the axle ; the wheel, as in Articles SO and 
83, being removed, the rope coiling round the axle or barrel 
in the usual mannev. 

86. In the ct^ttan, the axle is fixed in a vertical position, 
and the power is applied by means of handspikes or bars 
imerted mto holes, made for that purpose in the axle, the 
rope coiling round the lower part of the axle, and uncoiling 
itself at the upper part, the axle beu^ of a conical form, 
that the rope may he shifted upwards, when necessary. 
Jn the mndlasi, the length of the 1umdV«, «M. in. ^Ve 
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eapstan the length of the handspikes, are the radii on which 
the power acts, the equations of the velocity ratio and of 
equilibrium being the same as in Art. 80. 

THE GHIKISE WIirDLASB. 

86. Let A a be an axis to which are fixed two cylinders, 
B and c, nearly of the same diameter, and let a cord be 
coiled round b, passed under a pulley, n, 
and then brought back and coiled in the 
opposite direction round o. When the axis 
A a reyolyes so as to cause the cord to move 
in the direction of the arrow, one end of the 
cord will be coiled round b, and the other 
uncoiled &om c. Now let b = radius of b, 
r = radius of o, and 2 ir = circumference to 
radius = 1 ; then, while the axis makes one 
revolution, the cord on b will ascend 2 w B, 
and the cord on a will descend 2 ir r ; also the 
centre of the pulley n, and weight w, will ascend in the same 
time through half the difference moved by the ends of the 
cord on b and a ; that is, the space a^scended by n will 




be = 



_2tr(B — y)_ 



=7r (b— r). If a handle be fixed to the 



axis, A o, the length of which is I, and p be the power 
M)plied to the handle, then the circumference described by 
this power wiU be 2 tt Z ; hence, by the equality of moments, 

2 TT Z X P= TT (b— r) w, 
or, w (b — r)=2pZ. 

This equation of equilibrium is the same as would result 
if the weight were suspended from an axis a a by a cord 
wrapped round a single cylinder of radius = i (b— r). 

Example, — Let B = 3 in., r =s 2 J in., and the length of 
handle Z = 20 in. ; required the proportion of the weight w 
to the power p. 

By the above equa., w (3— 2^) = 2 p x 20, 

or, iw=40p, 
or, w=80p, 

that is, the weight is 80 times the power, which is very great 
for so simple a machine. 

Mie. "Tbia combination belonei to «kdM» Ni\cM^ >a^ ^^^^'^'^ 
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name of iU;girentKil motiani, their object b^g to commimicate a very 
■low motion to a body, or rather produce by a tingle combination suoh 
a Telocity ratio batneea two bodies that under the usual arrengament 
a conaiderabls train of combinationB would be required praetieaUy to 
reduce the velodty ; for, theoretjcally, a mmple combioation will always 
answer the some purpose. Thua in the above mocliine, althoug)! 
thsoreldoally a bajrel with a mdioB ^J (b— r) would do aa well aa too 
double barrol, yst its diameter, in practice, would be so small as to make 
it useless from weakness. Whereas each barrel of the difTerentJal com- 
bination mt^ be made as large and strong as we please. If a considerable 
extent of motion, however, be required, this contrivance becomea very 
troublesome, on aceoimt of the great quantity of rope which must be 
wound upon the barrelH. For by one turn of the differential barrel, the 
space through which the weight is rBJaed^2x (it— r), but the quantity 
of rope employed is the same sa that which is coiled upon one barrel, 
and of that which is uncoiled from the other ^ 4 r (b -H r). Now, in 
the equivalent simple barrel, the quantity of rope coiled is exactly 
equal to the space through which Hie weight is moved, and therefore ill 
tluB case =: 2 r (h— r), so that for a given extent of motion, 

rope for differential barrel b + >* 
rope for common barrel a — r' 

when B— r is by hypothecs very sniaU. This inconvenience has been 
sufficient to biLnish the contrivance from practice, fbr althou^ it is 
Tepreeented in all meohanical books under the name of Chinese windlass, 
it is nerer used in practice.— See Prof. WUlil^t Mechaniin, Art 401. 




87. ^eed pullei/g are used for changing tlie velocity of 
Tnachineiy, aa in lathee, &c. A series of 
puUeys, graduallr increasing in size, is 
moimted on an ade, and on the spindle of 
, the lathe is a Bimilar series, but placed in 
an opposite order, ho that the same length 
of belt will work on every pair of opposite 
puUeya, according to the speed required. 

This ooatriTance is shown in the annexed 

fig., and may be applied to the spindle A b 

turning lathe ; o s is part of a shaft 



made to revolve with a regular velocity. 
— ■■ s belt 



INpiPllI— When a slow motion is required, the I 

T-ftl I f fillip works at EF; when a greater velocity is 

Lm|k||pr^ required, the belt is shiited, by pressing it 

|H^*^~ to one side, to another pair of opposite 

*» pulleys. This contrivance is very simple ii 

I'fyi conatraetion, and le ibnnd of impoitant '^inmesl uae \i 

^o iarmDg of variouB BubBinactx. 
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ALTEBNATE CONES. 

88. Instead of the opposite series of pulleys, two opposite 
cones, called alternate cones, are uded, where a motion con- 
stantly yarying is required. One of 
these cones gives motion to the other by 
a belt, as shown in the subjoined fig. ; 
the belt is gradually moved by the 
machinery from one end of the cones 
towards the other, a b is the belt, o is 
the guide, which, receiving its motion 
from the machinery, traverses the belt 
with any velocity that the case may 
require. 

Note. It is usual in practice to make the two groups of speed pulleys, 
Art. 87, exactly alike, as well as the alternate cones, Art. 88, placing 
the small end of one set .opposite to the large end of the other. 





THE FACE-WHEEL AND BOLLEB. 

89. The face wheel and roller will produce the same effect 
as alternate cones, jand are often used to obtain an adjust- 
able velocity ratio by rolling contact, a b is the &ce-wneel, 
B the roller, the dijrections of their axes 
meeting one another. The edge of the 
roller, o, is covered with a narrow 
belt of soft leather to make it adhere 
more firmly to the face-wheel, and is 
so mounted on its axis that it can be 
made to slide at pleasure to different 
distances from the axis of the face- 
wheel. The roller o, with its axis, will therefore receive > 
from A B a rotation by rolling contact, which may be varied 
to suit the required purpose. !Por further information on 
this subject, see Prof. WilWs Mechanism^ Art. 480 ; and 
Buchanan on Machmery, Art. 423. 

The velocity ratios, in Arts. 87, 88, may be found by 
Art. 67, by -using the radii of the pulleys or those of the 
parts of the cones, with which the belt is in contact ; and 
the velocily ratio in Art. 89 may be found by using the 
radius of the roller c and the adjusted radius on the fSace- 
wheel A B. 

90. When a system of wheels and axles are continuously 
connected by bands or .belts, instead of ^^^V^ ^>a. ^ *"i«ss5k 
Bgjore to Art. 31, their xeWsW© Tiuxc^i^x cJl xfc^^Sw&tfssaa. ^^ 
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VARIABLE TBLOCmES. 



velocity ratio may he found by the equation given in the 
article just referred to, whence the conditions of equilibrium 
may be at once deduced. 



VABIABLE VELOOITIBS. 

91. Let p Q be cord connecting the two 
excentric wheels or curves, the centres of 
motion of which ore a and b ; then the 
cord p Q will be a common tangent to the 
two curves at p and q ; let fall the per- 
pendiculars A.py B a upon p Q prolonged, 
if necessary ; tben flie velocity of the cord 
win be equal to the velocitjr of the points 
p and Q on the edges of the wheels or 
curves, and by Frof, Willises Mechanitm, 
Art. 38, 

ang. vel. of ap __^ b y 

ang. vel. of b q "^ a^* 

that is, the amular vehdUes of the two 
wheels or cttrves me to each other moersely as ihe perpen- 
diculars from thevr respective centres of motion tipon their 
connecting cords. 




VABIABLE VELOCITY BY AN ENDLESS BAND. 

92. When an indefinite number of variable rotations is 
required to be communicated from an axis a to another 

axis B, an endless band or cord jp ^ o 
may be used, a is the axis of the 
driving pulley, the edge of which is 
curved so as to adapt to producing the 
required variable vdodty ; the follower 
B is a circular pulley fixed on its 
centre; the band passes under a 
stretching pulley o, having a weight 
suspended from it, which keeps the 
band continually stretched. Now, if the axis a revolve 
uniformly, in consequence of the varying radius of its 
pulley, a continually varying length of cord will pass to the 
pulley B, which will therefore ^ve a variable motion, the 
rariationa of which will be repeated duxing every Te^o\\x\?w3ii 
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of the pulley on the axis a. Draw Ap, b q perpendicular 
to the cordp q; then, by the last article — 

ang, veL of a ^Bq 
ang. yel. of b "" Ajp* 

FUSEE OF A WATCH. 

93. If the variable motion be required to extend to more 
than one complete revolution, it may be obtained by a spiral 
groove formed on the surface of one of the wheels, as in 
the fusee of a watch. The axes 
A a, B 5 are parallel ; a a carries a — '*-^- -^ ^ 
solid pulley, called a fiisee, upon the __^__ 
surface of which is a spiral groove ; J t 
on the axis b 5 is mounted a plain 
cylinder; a c(Htl or chain ffoes round the cvlinder, and, 
extending to the fiisee, winds round its fsfpirai groove, the 
extremities of cord bemg fixed kb the top of the fiisee, and 
at the bottom of ttie c^lind^. Now, when the cylinder 
is turned uniformly round, the fusee, by means of the cord, 
will be turned round in the same direction, the velocity 
ratio of the two axes will vary inversely as the perpendiculars 
from the respective axes upon the direction ofthe cord. 

Note. In watchM and otlEer time-pieees a 0piial spring is coiled 
round the axis B h witiim the cylinder, to give n rotatory motion, and 
that the varying force of the spring, as it uncoils itself, may be equalised, 
the cord or chain acts with greater leverage on the spiral of the fusee. 

DOUBLE FUSEE. 

94. If the fiisee be required to communicate a variable 
reciprocating motion, it may be made double, as in the 
marginal fig;., where a a is 
the axis of the fosee ; two 
cords are fastened at the ex- 
tremities of the two spirals 
of the fiisees at a, a, and being 
coiled round the fusee in 
opposite directions, are respectively conducted to n, m, and 
attached to machinery, (not shown in the ^g?) the two cords 
leaving the fusee at the same point. Now, when the axis a a 
revolves, the two cords will wrap and unwrap themselves 
upon and from the fusee, evidently le^^^^'s^^ssia^iMife^Sii!^ 

at the same point. If the am oi >j)afe ^asR^^ ^^^ \^sE^^^ 




do OBUQDB COEDS. 

uniformly, it will gradually accelerate the motion of the 
cords, till they have reached the largest convolution of the 
faaee, and then gradually retard their motion till they reach 
the ends of the conTolutiona at a. and a. The variable 
velocity ratio of the cords, in coiling from one end of the 
fusee to the other, will depend on the radii of the different 
points of its spiral. 

JVbtf. The double fusee is employed in this matmer u part of ths 
nmchiner; of the self-Acting muU of Mr. Boberts of Mancheater. 

WHEN THE POWBB AND WEIOHT AEE OOKSECTED BI 

OBLIQUE COBSB. 

96. A cord fiied at h passes under the moveahle pulley b, 
and over the fixed pulley c, the power being applied at the 




extremity of the cord. The weight w is suspended from the 
movable pulley b ; then 



w'b Tci. 

DtminutTatien. Draw the vertical line a b, of suoh a length as to 
represent the weight w, imd complete the parallelogTam abbe; then 
BO, BB, will lepreaent the tensions of the cord, which are evidently 
ewih equ&l to the power f, .'. all the sides of the parallelogram are aquid. 
Now, Oonceive s D to be joined, by a line not shown in the figure, then 
wa ihall have f:w::sd:ab:: lad. ; 2 cos. a b d, because the angle 
B D B is the complement of a B D ; whence w ^ 2 P cos. a B s ^ 2 F 
COB. J H B 0, and eonsequantly -; r- ^ 2 cos. i h a o. 
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CHAPTEE V. 

■ ♦ 
VARIABLE MOTION BY THE BOLLING CONTACT OF WHEELS. ' 

96. The elementary combinations of wheels, which form 
the subject of Chap. 11., include those which are chiefly 
used in neavY machinery, required to moye with a imiform 
velocity, and consequently with a uniform velocity ratio. 
Some of the combinations in Chap. lU. are required to 
move with a uniform velocity, and others with a variable 
velocity by means of wrapping connectors. In the com- 
binations that are here to be considered, either the velocity 
ratio, or the directional relation, or both, are made to vary, 
in a definite manner, which cannot in every case be obtained 
by means of wrapping connectors, as shown in the last 
chapter. 

9^. *' Let A p M, a p be two similar and equal ellipses, of 
which s, H are the foci of former, and 
8 one of the foci of the latter ; and 
let the ellipses be placed in contact at 
any point p, situated at equal distances 
A p, a p, from the extremities a, a of 
their major axis, and draw ^ p t the 
common tangent to the ellipses at p. 
Now, by the property of the ellipse, the 
tanc^ent makes equal angles with the 
radii s p, p h ; and because a p = (^ p, 
and the ellipses are equal, the tangent 
makes the same angles with the radii 8 p, 
p A ; whence the angles t p h, i p « are 
equal, « p h is a right line. Also 8 p = s p ; 
therefore « p+3p h = s p-f 3ph = a m is 
a constant distance, whatever be the dis- 
tance of the point of contact p, from the 
e2±remities of the axes major. If, therefore, the foci tt « 
be made centres of motioiLi woA tti^era ^^Xajassa ^q»3^ *^^^^, 
4^ibe major axes of theeQipaeB^tV© cvii^e^^^i^^Efi?^*^^^^^^ 
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" The logarithmic spiral or ellipse round the focus appears 
to be only two rolling curves that admit of simple inde- 
pendent demonstrations of their possessing this property." — 
See Frof. Willis's MecJumism, Arfc. 259. 

98. " To employ rolling curves in practice. In ^g, to 
Art. 97, let the upper curve (supposed to be completed) be 
the driver, and let it revolve in the direction from t to ^ ; 
then since the radius of contact s p increases by this motion, 
and the corresponding radius f h decreases, the edge of the 
driver wiU press against that of the follower, and so com- 
municate a motion to it, of which the angular velocity ratio 
will be 

But when the point m has reached ic, the radii of contact 
in the driver will begin to diminish, and its edge to retire 
from that of the foUower, so that the communication of 
motion will cease." 

To maintain the motion, it will be 
necessary to furnish the edge of the driver 
with teeth to engage with similar teeth 
upon the corresponding edge of the fol- 
lower, as in the annexed fig., and thus the 
communication of continuous variable mo- 
tion wiU be maintained, the distance h s 
being constantly == a m = (i «;» = axis major 
of each ellipse. 

TO CONSTETJCT CUBTBS WITH IlIiLIFTICAL PBOJSCTIONS, 
CALLED LOBES, TO PBOPUOI TABIABLE MOTIOM" BT 
BOLLOra CQNTACT. 

99. 'Let it be required to construct a set of three rolling 
curves of one, three, and foiur lobes respectively, from two 
convenient given distances, I and h, such that 

and 5 ==v^"7?"FTT7^-- i i; 

in which 0+5= major axis of the ellipse, a— &= distance 
beiwe^n its foci, and n = number of eUiptieai lobe*. 
■^v^j^ me qf thoBe students that are not accwtomed tg 
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8ohe algebraic equations, these vahies of a and h may he 
determined hy construction as follows. 

" Describe the cirde a k g with a diameter =Z, 
and upon the tangent ad set offA o = ^, ae = 3 ^, 
and AD = 4 ^. Through the centre d of the circle 
draw c, E L, and d l. The curve of one lobe 
will be an ellipse round the focus m, (see the fol- 
lowing fig.) wnose apsidal distances are cr and 
c o, and the major axis consequently = o r-f-o o," 
as shown in the preceding fig. 

" For a curve of three lobes, first 
describe a semi-elHpse q, with apsi- 
dal distances eJcy el, respectively 
equal to e x, el; (see nrst fig.) 
and from « draw a sufficient num- 
ber of radii el, e2, e3, &c., at 
equal angular distances." 

"2b construct the three-ldbed curve w, describe a circle 
round the centre e, which divide into six equal sectors, each 
one of which will contain half a lobe. Divide each sector 





into as many equal angles as those of the semi-ellipse q, and 
draw radii, upon which set off in order distances equal to 
the radii of the semi-ellipse q, as indicated by the corres- 
ponding letters and figures. Through the points thus 
obtained, draw the curved edge of the semi-lobe, and this 
curve, repeated to right and left alternately, will complete 
the three-lobed curve." 

" To describe the fowr-lobed curve p, draw a semi-ellipse 
whose apsidal distances are d e:, d l, (see first fig.) and 
proceed m a precisely similar manner as was done in thA 
second &g, q, dividing it aa4tiaTia?eTcai'^\fe?^^»^c^^ 
facua to the semi-lobe d fc I oi t\ie ia\rc-V3»Q^^ ^^sc^^ ^^^ 
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" Any two of these curTes will roll together, or, if two of 
them be made alike, the pair so obtained will roll together. 
The angular yelocities of these rolling curves will be 
inversely as the segments into which the point of contact 
divides the Hne of centres." See Trof. WilWs Mechcmum, 
Arts. 260 — ^268, where elaborate investigations of this and 
other important subjects may be seen. 



YABIABLE MOTION BY LOBED-TOOTHED WHEELS. 

100. The form of the wheels, in the marginal figure, are 

such as to fulfil the conditions of the 
constructions of the last article, teeth 
being formed all round the two plates 
to prevent their slipping, which is the 
method always adopted in practice ; as 
in the Cometarium, and in the silk* 

mills, being an excellent method of obtaining a varying 

velocity ratio. 




YAEIABLE MOTION BY AN EXCENTEIC SPUE-WHEEL. 

101. A method of producing a variable velocity ratio by 
moans of spur-wheels, is shown in the annexed fig. The 

wheel, whose centre is a, turns on an 
excentric centre of motion b ; b is 
a wheel required to revolve with a 
varying augular velocity, while A 
revolves with a uniform velocity 
roimd the excentric axle b ; o is a 
pinion, the teeth of which are engaged 
with those of a and n, the centre of 
the pinion being carried bvthe links 
D c, A c, which rise and mil to suit 
the position of the excentric wheel a, 
the links at the same time keeping the pinion o in gear. 
The dotted circle shows the ranse of the teeth of the excen- 
tric, which must be fixed to the extremity of its axis, to 
prevent the link a c &om striking it in the course of its 
revolutions. "This combination, being wholly formed of 
spur-wheels, is one of the simplest modes of producing a 
varying angular velocity ratio." 




YABIABLE KOTIOK. 



61 



B0£MAB Q WHEELS. 

102. "These wheels were invented by the celebrated 
astronomer Olaus Eoemar, to effect the yarjing motion of 
planetary machines, a a, b 5 are two 
parallel axes, of which the lower one is 
provided with a cone o, fluted into 
regular teeth like those of ordinary bevel- 
wheels, but occupying the surface of a 
much thicker frustum of the cone than 
usual. Opposite to this cone is fixed 
upon the axis a a, a smooth frustum n, 
whose apex J is in the reverse direction, 
and this latter cone is so formed asjust 
to clear the tops of the teeth of o. U pon 
the sur&ce of n are fixed a series of 
teeth or pins, so arranged as to fall in succession between 
the teeth of c. By placing these pins at different distances 
from the apex d, we can obtain any velocity ratio we please 
between the extremes ; for if e and r be the greatest and 
least radii of n, and e' and r' of c ; then the angular velocity 

E T 

ratio of o and n will vary between the limits of -7 and — ; 

the first being obtained by placing the pins close to the 
larffe end of n, and the second by fixing tnem at the small 
end; and when the pins are fixed in any intermediate 

osition, an intermediate velocity ratio will be obtained." — 

ee Prof, Willises Meclumum, Art. 280. 




§ 



THE EXOEKTBIO CEOWK-WHEBL. 

>. 

103. " If the axis be not parallel, a varying ratio of angular 
velocity may be obtained by the excentnc crown-wheel. 
This was invented by Huygens, for the purpose of repre- 
senting the motions of the planets in Ids Planetarium. 
A B is an axis, to the extremity of 
which is fixed a crown-wheel e, exactly 
similar to that represented in the 
fimire to Art. 39, only that its centre 
of motion b is excentric to its circum- 
ference. This wheel is driven by a 
long cylindrical pinion n, whose axis 
meets that of a b in directioii, oeA \a^\,Tv^«eL^^'%»*^'^- 
Now, Bince the radius of coiitwi\i oiVXx<& ^vcc^sm. Sa. ^^^^^^y«=^> 
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while the radius of contact of the hoop varies at different 
points of its circumference by virtue oi its excentricity, it 
follows that the angular velocity ratio of the axes will vary." 
"In Huygens's machine the pinion is the driver, and is 
supposed to revolve uniformly, but if the contrivance be 
adopted in other machines, the wheel or pinion may be 
made the driver, according to the law of the velocity 
required.*' — See JProf, Willises Mechmism, Art. 281. 
104. " Let H be the centre of motion of the crown-wheel, 

c the centre of its circumference ; o p = b, 
HFssr, HO=E,andan^le MHF = d; then, 
since the axis of the pinion is directed to 
/^ H in the line of the excentric radius h p, 
the perimetOTal velocity of the pinion will 
be communicated to the radius in a direction 
peipendicular to it ; and if p be the radius of the pinion, we 
shaUhave 

pinion's ang. vel. _ r 

crown-wheers ang. vel. p' 
But E^ = r^ + e2 q: 2r e cos. 6, 




1 2, sin.^^. 

Kow in planetary machines e is small with respect to b, 

.'.r = ±B cos. ^ + E. 

And since the pinion revolves uniformly, the angular velocity 
of the crown-wheel is 

as - as — : r as b q: e cos. 6 nearly. 

r B±ECOS.^ ^ 

But if M P were the elliptic orbit of a planet of which o is 
the centre, h the focus, h p the radius vector, and a m = 
2 b the major axis, we should have the angular velocity 
of HP 

as — J as (b q: B cos. ^)^ as b ::p 2 £ cos. 6 nearly. 

By making, therefore the excentric distance c h of the 
crown-wheel equal to the distance ofthefod of the elliptic 
orbj% the radiuB vector H P will revolve witla. an a^^gtoraaato 
•^presentation ofplanetsay motion, when tYie to'nii^^\m.oTL 
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revolves uniformly." Moreover ^ the contrwtmces here 
introduced are applicdble to maehvnery generally, and on this 
account deserve to le studied, — See JPrif. Willises Mechanism, 

Art. 282. 



TABIABLE MOTIOK BY SLIDIKa OONTjLOT. 

105. "The simplest mode of obtaaning a vaiying angular 
velocity ratio, wnen the rotations are to be contmued 
indefinitely in the same direction, is by the pin and slit ; 
A a, B 5 are axes parallel in direction, but 
placed with then* ends opposite to each 
other; a « is provided witti an arm canTing 
a pin d, which enters and slides freely in a 
long straight slit, formed in a similar 
arm hf, which is fixed to the extremity of 
B 5. If one of these axes revolves, it will 
transmit a rotation to the other with a 
varying velocity ratio ; for the pin in revolving is continually 
changing its distance from the axis b &." — See Pro/! Willis's 
Mechanism, Art. 290, wbere the angular velocity ratio of 
the two axes is investigated. 




CHAPTEE VI. 

— ♦ — 

INTERMITTENT AND RECIPROCATING MOTIONS BY WHEELS. 

106. This kind of motion is frequently requi^d in some 
kinds of machinery ; it may be readily produced with a pair 
of spur-wheels, by cutting away 
all the teeth of the driver a, 
except those between m and n ; 
consequently when a revolves, it 
wiU cease to turn b while the 
plain part of its circumference is 
passing the line of centres, but 
will t\xxTL it every time the teeth between m and n come 
into action with the teeth of b. By properly proportioning 
the arc, which contains the teeth, with the plain arc, any 
required ratio of rest and motion, which caaibe \sNa\a£siA. xici. 
one revolution, may be bbtameSi. 
TbiB arrangement ia liaWe to o\>^ec?cvoTi, ^ccl^ "^^^^ '^'^^^^ 
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a chance of the first tooth of a not exactly engaging with 
the teeth of b, causing the teeth of the two wheels to g^t 
jammed together ; this defect, however, may be remedied in 
the following manner. 

107. In the annexed figure, the follower b has its edge m n 
formed into an arc of a circle, the centre of which is the 

centre of the driver a: part of -the 
circumference of the driver is a plain 
disk of a greater diameter than the 
pitched circle of its toothed portion. 
The plain edge of a runs past mn 
without touching it, but effectually 

Sreventing b from being moved from 
thus ensures the meetmg of a pin2>, 
(fixed in a) with a guide-plate q, Tfixed in b) which oring 
the teeth of the two wheels exactly mto gear, after which b 
will make one revolution. The ratio of the times of rest and 
motion may be found as in the last article. 

108. "A simple intermittent motion is effected by a pinion 
A, having one toothy. This tooth will, in each revolution, 

• pass a single tooth of the wheel b 

across the Ime of centres ; but during 

the greatest part of its rotation will 

A ^ ^ ^ u leave the wheel b undisturbed. To 

prevent the wheel b from continuing 
Zi^T^U B- 4 Its motion by inertia through a 

greater space than this one tooth, a 
^^^n^c may be employed. GHbis turns 
freely upon its centre, and may be 
pressed by a weight or spring against the teeth. It wul be 
raised as the inclined side of me tooth passes under it by 
the action of a, and will fall over into the next space, thus 
retaining th^ wheel in its position during the absence of the 
tooth jp." — See Frqf, Willis' 8 Mechanism, Art. 292. 




THE GEIIEVA STOP. 

109. This is a still better arrangement for producing inter- 
mittent motion : it was first introduced into the medianism 
of the Gl-eneva watches, whence its name is derived. 

" A is the driver which revolves continually in the same 
direction, b the follower which receives from it an inter- 
mittent motion, with long intervals of rest. For this 
purpose its circumference is notched. cUtein^t^ \xi\iO vc^<& 



. THE ifAKaLB uonoN. 

of circles as d h, concentric to the centre o 

opposite to it, and into square recesses, as 

figure. The circumference of A is a plain 

(nrcular disk, very nearly of the same radius 

as the concare tooth which is opposed to 

it ; this disk is proTided with a projecting 

hatchet-ehaped tooth, fluiked hy two hot 

lows at ». When a revolyes, no motion 

will be given to b so long as the plain e^ 

is passing the line of centres, but at the 

same time the concave form of the tooth 

of B will prevent it from being moved. But 

when the hatched-shaped tooth has reached 

the square recess of b, its point will strike 

against the side of the recess at a, and carry B through the 

space of one tooth, bo as to bring the next concave arc d h 

opposite to the plain edge of the disk, which will retain it 

until another revolution has brought the hatchet iato contact 

with the next recess hf. 




JtaU. "The office of this contrivaiicB in a Qeuewv. natdi is to prevent 
it bom being over-wound, whence it is termed a ttop : and for this 
purpose one of (be teeth is made convex tAgf. If a be turned round, 
the batchet'tooth will paas the four notchea in order, but ailer paaaing 
the fourth acroea the line of centres, the convex edge g f will prevent 
further rotation, bq that in this state the combination eerves to prevent 
an axis &om being turned more than a certain number of times in the 
same direction. For the wheel i. is attached to the axis which is turned 
bf (he key in winding, and the wheel b thus prevents the axis jrom 
beiiig turned too far, bo as to overatrain the spring. As the watch goes 
dniing the day, the axis of a rerolvee slowl; in the opposite direction, 
carrying the step-wheel with i( by a siznilar intermittent motion." — 
See Pt^. WiOn't MKhtmitm, Arta. S93, 291. 

THE HAiraLX UOTIOIT. 

110. When a spur-wheel is acted 
upon by a pinion the axes move in 
opposite du-ections; but when an 
an n u la r wheel is acted upon by a 
pinion the axes move in the same 
direction ; and by combinins a spur- 
wheel with an annular wheel the 
mangU-toheel is produced. The wheel 
B k revolves on its centre c, pins or 
teeth a, «, ffl, are fixed concentric 
with 0, these teeth are interro.'gte^ «.\i f ; wA^' 
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the teeth of which act upon the teeth of the wheel, and is 
fixed to the end of an axis to which a continuous motion is 
given, and this axis is capable of admitting a short motion 
towards o, by means oi a slide or swing-frame: a pin 
projects frim Ue centre of the pinion, and% guided \^ a 
groove s b kfh t, which is cut m the surface of the wheel 
concentric with the teeth upon it. Now, when the pinion 
is on the outside of the teeth, as in the fig., they will revolve 
in opposite directions ; but when the interrupted portion/ 
of the wheel comes to the pinion, the groove will guide the 
pinion from the outside to the inside of the teeth, and then 
the wheel will revolve in the same direction as the pinion, 
and this will continue until the opening jf is again moved 
to the pinion, which will be carried out by the groove, and 
the motion wiU be again reversed. 

Note, ** The mangle-wheel, under all its forms, is a very practical and 
effectiye contrivance." ''It derives its name from the first machine 
to which it was applied, but has since been very generally used in 

manufacturing mechanism." See Prof, WiUis^s Me(^kam8m, Art& 

315—319. 

MANGLE-BACK. 

111. " K the reciprocating piece move in a right line, as it 
very often does, then the mangle-wheel is trai^ormed into 

the maml&-rach. b & is 
the sliding piece, and ▲ 
the driving pinion, the 
axis of which must have 
the power of shifting 
from A to a, through a 
space equal to its own 
diameter to allow of the change from one side of the rack 
to the other, at each extremiiy of the motion." — See ^rof, 
Willises Mechanism, Art. 320. 




BBOIPBOCATING motion by a CEOWN-VnffEEL. 

112. The interrupted teeth of a crown-wheel maybe made 

to engage themselves with the teeth of one 
pinion, and then quit it and engage with 
the teeth of another pinion, and so on 
alternately ; the two sets being so disposed 
as to produce continuous reciprocating 
motion. ^^ For example, a a is an axis 
wbjch revolves continually. in the »ame dstec^fvoTi, ■&!> «ja. 
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aria to wldch is to be transmitted a few rotations to right 
and left alternately. This axis carries two pinions b and I, 
and the first axis has a crown-wheel at its extremity, the 
teeth of which extend only over half its circumference, as 
from mton; these teeth will act upon those of h, and cause 
the shaft b h to revolve ; when the last tooth n has quitted 
h this rotation wiU cease, but at that moment the first tooth 
m will begin to act upon the pinion b, and turn it in the 
opposite direction." 

Note, " This contrivance is manifestly &ultsr on account of the shock 
at each change of motion, and the danger of the teeth becoming entangled, 
so that I should hardly have thought it worth describing, were it not 
for the numerous simUar forms -fhat present themselves in the early 
history of machinery, more especially in the works of Bamelli, in whicn 
this principle is exhibited in a variety of formB.*'--See i¥o/. WUli8*8 
MedumUm, Art 322. 

BECIPEOCATD^^a HOTIOIT BY A BOTJBLE BACK. 

113. " The marginal fig. shows the application of the same 
principle to a double rack, which deserves attention on 
account of the provision which is made to ensure the first 
engagement of each set of teeth. 
A « is a firame to which the reci- 
procating motion is to be given, 
B the driving pinion, which ip 
made in the form of a lantern, 
and the teeth confined to about 
a quarter of its circumference. 
These teeth act alternately upon 
a rack fixed on opposite sides of the frame, which thus 
receives a back-and-forward motion from the continued 
rotation of the pinion.'* The manner of ensuring the safe 
engagement of the teeth of the pinion with those of the two 
racks may be seen by inspecting the figure. — See Frof, 
Willises Mechanism^ Art. 323. 

THE BXOENTEIO WHEEL. 

114. To the different forms under which the arm and link 
ap])ear, may be added this important piece of mechanism, 
which is commonly used to turn the sliae valve of the steam 
engine, e is the centre and a the axis of the excentric 
wheel, which is always fixed to the axis of the fly-wheel of 
the steam engine ; a hoop b d o embraces this wheel oii 
pullejr BO as just to allow it to tvon ^^ ^^i^iQa.^'^isa. <sa.€Sfc^ 
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the iioop being generally of twch pieces joined at b and o ; a 
frame b r c connects the hoop with the extreimty r of the 

bent lever is g h^ which turns on 
the centre o. "When e revolves 
on its excentric axis a, the frame 
B r c will be drawn altematelj 
to the right and lefb, and the emd 
F of the bent lever r o h will 
describe at every revolution two 
arcs of a circle ; the reciprocating motion of f, thus produced, 
transmits a like kind of motion to the other end of the 
lever, to which the slide-valve of the engine is attached. 

115. Note, ** The excentric arm or cranJc, is hy far the most simple mode 
of coiwerting rotation into redprocaUon, and it has the valuable property 
of beguming the motion in each direction gently, and again gradually 
retarding it so as to avoid jerks. Nevertheless the law of variation in 
the velocities is not always the best adapted to the requirements of 
mechanism ; but the reciprocation is produced so simply, that it is 
often worth while to retain the crank, and correct the law of velocity 
by combining other pieces with it in a train. By trains of link-work 
very complex laws of motion may be derived from a uniformly revolving 
driver. This will be best illustrated by the following examples." — 
ProfessorWiUis, 

116. Example 1. '' If the crank, instead of being fixed to the uniformly 
revolving axis, be carried by a second a^, and then two axes connected 
by one of the combinations at the beginning of this chapter, for the 
production of a varying velocity ratio, the inequality of the velocity in 
the reciprocating piece may be iJmost entirely got rid of. Thus let these 
two axes be connected by a pair of rolling curve-wheels, (Art. 100) let Ai 
be the angular velocity of the first axis, a, the angular velocity of the 
second axis, upon which is also fixed the crank ; let p be the radius of 
the crank, and B the an^le it makes with the path of the reciprocating 
piece 'j then, if v tie the linear velocity of this piece, we have v ^ p sin. 
▲ 2» O'y WHtiffe Mechanism, Art 829) which is to be constant by 
hypothesis. Let r^ and r, be the radii of contact of the rolling curves, 
which connect the first and second axes respectively ; then 

Ag r^ c — r^ 



A, rg. ra 



c being the distance of the axes. 

. V c — r, 



A. r, 



p sin. = 2;, 



s 

h being a constant by hypothesis, 

, CO sin. 

whence r- = — f—r — r 
* p sm. 0-\- k 

is the equation of the rolling curve of the second axis, whence that of 
^0 £r8t may he found by WUli^s Mediammi, Arts. 260 or 269. 
-Anj- oontnrance, iiowever, that producea two eqyjA^. ^t\q6a o{ 
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Tariation in the anguleur velocity in each revolution, will serve to correct 
the crank-foUower sufficiently for practice. The roUing curves (Art. 100) 
are used in some silk-machinery ; but their figure is not so completely 
formed upon principle. 

117. Bx. 2. To egucUite the velocity hy Imk-worh. The velocity of the 
reciprocating piece may be also nearly -equaUsed by a train of link-work 
only. Thus, let a be 
the axis of the crank 
A a, which by means 
of a link a o trans- 
mits in the usual way 
a reciprocating mo- 
tion to a point o, which travels in the lino a b between b and h ; a 
second link o d connects o with an arm D c?/ moving on a centre D, and 
the motion of o between b and 6 thus move c? between g and r; so that 
the rotation of the -crank a a causes the arm d c{ to reciprocate between 
the positions D g and Dr. In any given position of tlus system draw 
perpendiculars Am, T>n from the centres of motion upon the links ; 
then if Aj» A, be the angular velocities of a a> d (2 respectively, and v 
the velocity of o, we have very nearly by WiUia^s Mechanism, Art. 329, 

Aj, Am^V=: Ag, D»/ 

. Aj Am 

• • ^-" . 

A J D» 

If A a, D (2 both reach the position perpendicular to the link at the 
same time, then Am, Dm wUl reach their maximum values together, 

A ffh 

and will increase and decrease together, so that the ratio may 

be made nearly constant; and thus, if a .a revolve uniformly, the 
reciprocating piece d d wUl move in each direction- with a velocity 
much more uniform than that of the piece o, which may either slide or 
may be fixed to a long arm so as to make B ^ an arc of large radius ; or 
the intermediate piece may be omitted, and a (2 . connected by a 
single link ; but this is not so good." — See Prof, Willis's Mechomism, 
Arts. 332, 333. 
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CHAPTEE Vn. 



THE INCLINED PLANE, THE SCREW, THE WEDGE, AND CAMS 
PBODUCING MOTION BY SLIDING. 

118. The IncUned Flcme, in mechanism, is considered as 
a smooth, perfectly hard, and inflexible surface; the iron 
rails on an ascendmg or descending gradient of a railway 
may be regarded as a plane of this kmd. 

Let A be an inclined plane, 
A B its horizontal base, b o its 
height, and bag its angle of 
elevation ; w a body sustained 
on the plane by the power p 
acting by the cord wop over 
a puUey at c, in the direction 
w parallel to the plane a c. 
Then, by Baker's Statics and Dynamics^ Art. 74, — 

p : w : : B c : A c, 
that is, p : w : : the height of the plane : its length, or 

w X BO 




p = 



AC 



(1). 



And, by the nature of virtual velocities. Art. 85. (5) iUd, 



p*s vel. 
w*s vel. 



w 
p 



AC 
BC 



= ri = fLlr (2). 




Uxamfle 1. — If a waggon, w, 
weighing three tons be drawn 
up an inclined plane a o, the 
length of the plane a o being 
to its height b o as 5 to 1, 
required the power p that will 
just balance t^ waggon on the 
plane? 



raCLINED PLAKE ASD WKD6B. 



By equation (1) : 



3x1 



= - of a ton = 12 cwt. 



A Blight addition to thie power to OTercome tbe friction 
of the waggoa-wheela would draw the waggon up the 
plane. 

Noll. This method of drawing waggons up steep iDcIined planea hj 
BtatJanajry enginea ia much practised m mineral dJBtricta ; where the 
waggons also descend inclined planes, their speed being reguUted hj a 
windlass at the top of the plane. 

£x. 2. Be^nired the power requisite to draw a train of 
cairiagea weighing 40 tons, up a railway gradient rising 
1 foot in erery 100 feetP 



" 100 " 



^ of a ton = 8 cwt. 



119. "When the power p acts over the pulley D, in the 
direction w d, which is not parallel to the indined, plane A c ; 
then, by Baher'a Statics ana Dynamics, Art. 73, 



And, by the nature of 
virtual velocities, 




THE WEDSB. 

120. The teedge may be considered aa a moveable inclined 
plane, or rather as a double inclined ^ 
plane, as the figure a i^ b c ; besides ita 
use in mechaniBm, it is also much used 
for separating bodies that are stroi^ly 
bound or pressed together, aa for cleaving 
timber, in which case it is urged by per- 
cussion. The force impressed by peroua- 
sion, or a blow on the back of the wedge, 
has an effect incomparably greater Uwn 
any mem pressure or force produced by ' 
aaeianery. If p be tho force m\iiewiei on. 'flBft"'a*^ ^"^ "^ 




-WEDGE AIID aCKBW. 



'the Tedge, and "w the presBure on a i 
.Baker's Statiei and Dynamies, Art. 79, 



p B 0; then, by 



P : W:: AB : 



whence — = -=> (and by virt. Tel.), 

p'b vel. AC da , 
—, r = — = — nearly, 

w'btcI. ab ab ■' 

Bmce the length of the wedge perpendicularly is nearly 
equal to its sluit length, in all ubi^ caees. 



BEGI7BOGATnta UOTIOK BY TBB VBDGE. 

121. Let ABO be a wedge or inclined plane moveable 
along the horizontal plane b o, and oy a bar constrained by 
^dea fltn, to move in -the direction of 
its length o^^ and having a friction 
pulley at g. When the wei%e Ib moved 
forwud and backward, the rod oy wHl 
riee and fall, and in pushing the wedge 
through its whole length ab the rod will 
rise torouffh a height equal to a n ; 
whence, evidently, the velocity ratio, &c. 
' I estimated as in the last article. 




may b 



THE SCEEW. 



122. The screw is a spiral groove winding round a blinder 
BO as to cut all the lines drawn on its surface pandlel to its 
axis at right angles. The screw 
is, therefore, nothing more than 
an inclined plane, wrapped 
round the surface of the ojVaa- 
der, the base of the plane being 
equal to the circumference of 
the cylinder's base, and coin- 
ciding with it, and the height 
of the plane equal to the £s- 
tance ab between two of the 
threads. 

Since the screw is nothing 
more than an inclined plane 
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base B c of the plane being equal to the circumference of 

the cylinder's base, and the height a b of the plane equal 

to the distance between two threads 

of the screw ; and, since the power 

appUed to the screw acts parallel ^' 

to the base, we shall have, by Art. 75, Statics cmd Dynamics^ 

P : w : : A B : B C, or 

p : w :: distance between two threads : circumference 
described by the power, which in this case is the circum- 
ference of the cynnder, to which the power p is supposed 
to be applied, the weight w resting on the top of the screw, 
as shown in the larger figure. 

But when the power p is applied to the lever p w, then we 
shall have, by the same article 

p : w : : A B : the circumference described by p. 
: : J : 2 XT r, 

' d being the distance between the threads, r the length of 
the lever p w, and v = semi-circum. to rad. 1. 

, 27rrp 

whence w = — = — , (l), 

a 

- p's vel. _ 2 TT r _ circum. described by p 
w's vel. "" J "" dist. between the threads 

Note, Instead of considering the screw to raise a weight w by acting 
vertically, we may suppose it to be applied to produce a pressure w in 
any other direction, and the relation between F and w will be the same 
as that already shown. 

Ex, The distance p w at which the power acts is 6 feet, 
and the distance between two of the threads of the screw 
is 2 inches ; what weight will a man be able to raise, when 
he acts at p with a force of 150 lb.? 

Here the power acts 72 inches from the centre, hence 
2 TT r = 2x72x 3-1416 = 452*39 inches = circumference 
described by the power ; whence, by equa. (1) 

452-39 X 150 „^^^^, ,^ 
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123. The Pin and Screw. Let the cylinder k Z, the axis of 
which is A B, have a spiral groove m n o cut upon its 

p . . g surface, so as to represent the 

ik screw described in the last arti- 
cle ; and let c D be a rod con- 
strained to move parallel to a b, 
the rod having a pin at m to fit into the groove. Now, 
when the cylinder is turned on its axis, the pin will move 
in the groove and cause the rod to move in the direction of 
its length. The velocity ratio, &c. of the cylinder h I and 
the rod n may be determined by the last arfcide. 

124. l^e Bach and Screw, Instead of a single pin m^ let 
other pius be also fixed on the bar opposite the threads 

of the screw, which may be made trian- 
gular, without the least affectiug, the 
motion. We shall thus obtain the rack 
c and the screw s, and by turning the 
screw which is supposed to be fixed on its axis, a continuous 
rectilinear motion is given to the rack c, the teeth of whidi 
are made exactly to fit the threadB of the screw. 

Note. "This is the most ancient form in which the screw was 
employed. It appears to be that which was described by Pappus,'* in 
his Moth. Col. 

125. ^ut and Screw, " In most cases the piece which 

receives the action of the screw s, is 
formed with a hollow cavity, as n, 
within which are threads exactly fitting 
those of the screw s. The piece n is 

called the nut, and the hollow screw within it, the female 
screwy — iSfee IPr&f, Willis's Mechanism. 

THE SCEEW PEESS. 

126. The' screw is frequently used where a great pressure 
is to be exerted through a small space. The figure to 
Art. 122 represents the screw press, where the soM screw 
AB works in the nut n, which is fixed ; w is the weight to 
be raised, or substance to be pessed ; the screw a b is 
moved round by the lever p, which is inserted into a hole 
in the screw. The power that can be exerted by this press 
is very considerable, as will be apparent from the example 
following Art. 122. 

'/ya/lf. It will be seen tb&t we may incre&Be tVie Taw^A^anVy^ e^^QSA'^ cA 
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thaicrew, eitii«t by ctniung tin power to more throng » greater sparce 
by iucreaaiDg tha length, of the lever, or hj dimmiahing the thiclueaB 
of the tbreadB ; thua, in the abaie example, if the diatonce between t^ 
threoda were ( or ^ of an incli, the other parta remaining the some, tbe 
efficacy of the machine would be reBpeetively doubled or quadrupled. 
There ia, however, a practical dif&cultj in Hiiniriflbing the diBtance of 
tha threads of theacrew, for, as they become crowded intoa Email apage, 
they became more delicate, and are apt to be torn oS, under a consider- 
able pressure, while by increasing tlie length of the lever, the maobine 
becomes oawieldy : these objections have been entirely got rid d by 
the following ingemous arrangement. 



127. Tbia Baduue (iuTented bj Mr. Johut Sunler) 
consists of twoscreTTB.cDMidDE, h&ving threads of different 

thiefeneases. The larger eicrew 

o s has a. hollow or female screw 

formed within it exactly fitting 

the Bcrew d st, which can only 

more in the direction of its 

length, and, therefore, when c s 

is turned round, de screws iato 

c B, which works in a female 

screw fixed in the frame a b . In 

one revolution of the lever l, the 

screw c n ascends a space equiJ 

to the distance of its exteaior 

threads ; and during the same 

time, the screw d e descends into 

the female screw, in c n, a space 

ei^oal to the distance of its 

threads ; consequently the point 

E will only ascend a space equal to tbe difference of the 

distances of the threads on cs and those on s e : let these 

distances be respectively C and o,r= length of the lever l c, 

p = power applied at l, and w ^ weight at £ ; then by the 

nature of virtual velocities, &c. 



(1), 




Me. Let the diatkncea of the l^rea^ oti. ^'c «&\'&'%i>«> 
ngpectirelj j%- and i *tf aaimihi aoi'^iA'fltteVi™!^'^'^'^'^ 
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lever L c be 60 in. and the power p applied at l =: 150 lb. ; 
required tbe weight w that can be raised at £, neglecting 
the Mction of the screws? 
By equa. (2) : 



w = 



2 X 31416 X 60 X 150 



= 904781 lb. = 404 tons nearly. 



Note, — ^It will be found from equation (1) that the velocity ratio of 

the power and weight, or —; ^=: — — nearly, which is the advantage, 

abating friction, gained by the machina 

Note, " In the usual method of applying [the differential or] Hunter's 
screw, the two threads are cut on different parts of the same cylinder. 
Upon these cure placed nuts, which are capable of moving in the direc- 
tion of their length, but are not allowed to turn round. It is clear, 
therefore, that, by turning the screw once round, the two nuts will be 
brought nearer together, or driven fitrther apart, according to the direc- 
tion in which the screw is turned, through a space equal to the differ- 
ence of the pitch of the two threads. In this way, Hunter's screw is 
well adapted to the purposes of a micr<imeter scre/w, because it admits of 
an indefinitely slow motion, without requiring exquisite workmanship 
in the thread. The uses of the screw in a micrometer have been 
noticed in our Introduction to the study of Natural Philosophy, p. 34." 
— TonUvMon^i Mechanics, 



THE ENDLESS SCEEW. 

128. The endless screw A b is so 
combined with the wheel e and its axle 
that the threads of the screw may work 
in the teeth on the circumference of 
the wheel. Let e = radius of the wheel, 
p = radius of the axle, r = length of 
the handle a c ; then by the nature of 
virtual vel., Statics and Dynamics^ 




p's vel. _ 2 TT r E _ w 
w's vel. ^ p ~ p* 



SCBEWS, CAMBS, ETC. 

129. The endless screw in the annexed figure presents a 

combination of still greater power, having three toothed wheels, 

two pinions and one axle, round which the rope sustaining the 

wej^it w coils. Let d = distance between the threads of 

the screw, r = length of the winch a c, r' , r" , r"' ^e^ 
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respectire radii of the wheels x, r, o, imdp, p', p', the radii of 
the respectiTe pinioua and axle, also 
p = power applied at a. to raise w ; 
then, hy Art. 84, Sfatta andDynamiet, 

p ;w ;: dpp' p" i 2frrr'r"r"', 

2 '-"-"'" 

whence w = - 



dpp'p" 

The velocily ratio may be deter- 
mined from this equation, as in former 
caaea. 

Er. 2, — If the endless screw be 
turned by a winch a c, the threads of 
the screw being distant half an inch 
each, the screw turns a toothed wheel 
B, the pinion of which turns another 
wheel F, the pinion of this another 
wheel G, and on the pinion or axle of which is sustained the 
weight w; now the radii of the wheels are each 18 inches, 
those of the pinions and axle each 2 inches, and the length 
of the winch a c = 22 inches ; what weight will a man be 
able to susttun who acts at the hoadle of the winch with a 
force of 150 lb;? Prom Art. 129, 

„_2_x31*16x22xl8xl8xl8xl!i0_,„,„„,„,^ 




XHE CONICAL SCSEW. 

130. A method has been shown, in Art. 123, for giving a 
rectilineal motion to a bar by a screw, the asis of which and 
the bar are parallel ; but, if the path of the bar be not 
parallel to the axis of the screw, it must be formed in a 
conical shape. " Thus, in the fig., A B is 
the axis, a e the sliding bar, e its pin, the 
path cdoi whose acting extremity is in this 
case supposed to meet the axis. If this 
line cd generate a cone D by revolving 
round A B, the pin will always lie at the 
same depth in the groove excavated on the 
conical surface. Also, if the surface be de- 
veloped, the groove ef vrill be the B\i\r«X ot ArcKvnwiwV — 
J^^ milit'e Meehmitm, Ait. 105. 





XtL. TkatB imfottaat parts of mechsniBm eDiuut of a 
pHMlf fasMd ■ewelving pUte, by vhidi a redprocatdng 
DMfaia H^ b* ^NB to bars or lever, Taiying according to 

"Dai; let jt te Ike centre of moticai of tlie comb-plate 
<q, BO a lerer turning on the 
■e B, and fumisbed with a fiictioa 
roller v, wbiefa reats upon the edge 
of the camb. Let A. m be the least 
' radiuB of the camb, and i.p the 
greatest, and let the ndii gradually 
mcreaae along tiie edge mnp, and 
demwe along the edge pgm. men, if the camb reroWe 
cMitiaaally roi^d, the roller s, by the action (^ the edce, 
iiS 1m poalted fintber from the centre a, during me 
pasE^e of m fl ^ under it, and will return towards the 
centre during the paesage of ^ q tit; the lerer being 
auppoaed to be kept in contact witli the edge by ito 
weight or by a aprii^." — See Prof. Willit'a MedkoMtm, 
Art. 862. 

Note. A sliding-bar may be iLpplied to the edge of die camb, m in 
Art. 121. Id this maDaer a aenes of redprocationa may be given to 
the bar B D, and the velocity ratio of the bar to that of die camb can be 
mode to vary according to any required law, by atljuatir^ the shape of 
the cdsB of tite plate. This may be aet out by poinla, as in the following 
example. 

132. " Let the velocity ratio vary so that when a series 
of points 1, 2, 3, 4, 5 in the circumlerence of the circle c 35 
Hhall hare reached in order the 
point c, the pin or friction roller 
in the bar, or sliding piece, shall 
be moved to the correaponding 
positions i, u, in, rr, t. To 
each of the position points in the 
drcumfeience of the circle draw 
tangents, and with cenbe A draw dzcular arcs in order, 
each intersecting one of the position points X, ix, nr, £c., 
and the corresponding tangents, as at a, h, c, d, e; thua is 
obtained a aeries of points through which, if a curve be 
drawn, it will be the comb required ; for it ia maiufest, that 
if sny point, as d, o£ the oinde be W>aght to c, tioe «citc«*- 
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ponding point c of the curve will be moved to in, and thus 
the pin will be placed in its required position, 
and so for every other pair of positions." 

133. If the camb-plate be required to pro- 
duce more than one reciprocation to the lever 
or sliding piece in each revolution, its edge 
must be formed into a corresponding number of 
waves, as a, b, c. 

134. If the sliding piece or lever is required 
to be raised gently, and let fall by its own weight, 
the edges or waves of the camb must terminate 
abruptly, as 0, h, c, 

135. If it be required l^t the pres- 
sure of ihe eamb maj produce both the 
upward and downwaxd motion of the 
lever, the pin b of the lever b c may 
move in a groove formed in the surface 
of the camb a. 




!rH£ FOBGE HAKHEB. 

186. If the iever is required to recdve repeated lifts with 
intervals of rest, the camb becomes a set of teeth, as showti 
on the circumference of the wheel 
A ; in this case the teeth are called 
wipers or tappets. Thus the farye 
hammer h r b, turning on the pivot 
or Mcrum t is depessed at its 
extremity b by the wipers, thus raising the head h of the 
hammer ; but as soon as the wiper disengages itself from 
the CfBd B of the lever, the hammer falls by its weight on 
the anvil or steady s ; and as there are six wipers on the 
wheel A, the hammer wiU make a like number of strokes on 
the anv^ for every revolution of the wheel. 
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CHAPTEE VIII. 

♦ 
ESCAPEMENTS, PENDULUMS, Etc. 

In this class of combinations called eseapementSy a 
revolving wheel produces reciprocation in its follower by- 
acting alternately on two different pieces attached to it. 
These arrangements are used in clocks and watches, also in 
other machinery. 

CEOVTN-WHEEL ESCAPEMENT. 

137. "When the axes are at right angles the crown- 
wheel escapement is commonly employed, a is a revolving 
axis, to the extremity of which is fixed a crown-wheel with 
large saw-shaped teetn ; c c the vibrating axis or verge. This 

carries the two pieces 
3^ or pallets h and a, which 
are set in planes making 
an angle with each other 
sujficient to allow of the 
escaping action. When 
the wheel revolves in the 
direction of the arrow, 
one of its teeth m press- 
ing against the pallet h 
wlQ. turn the verge in 
the same direction, until, by the circular motion of 
A, its extremity is lifted so high that the crown-wheel 
tooth passes imder it, or, in other words, this tooth escapes 
from the pallet. By the same motion of the verge the 
pallet a is brought into a vertical plane, and the tooth n 
presses it in the contrary direction, and turns the verge 
back again until n escapes from under a, when a new tooth 
begins to act upon &, and so on. Thus the rotation of the 
crown-whee} prodxLces the vibration of the verge and pendulum 
I'o, the crown-wheel being the driver." 
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ANCHOB ESCAPEMENT. 

138. This escapement is verj commonlj used when the 
axes of the wheel and verge are parallel. Here c is the 
centre of the wheel, d that of the escapement a n b. In the 
figure, a tooth a is represented 
as haying just escaped from 
the pallet a, and a tooth h on 
the opposite side of the wheel 
has met the pallet b ; the pen- 
dulum (attached to the axis 
passing through n) will not 
stop here, but will advance a 
little further to the left, and 
so the slope of the pallet b will 
drive the tooth 5 oack again 
a Httle, and thus produce the 
recoil, which may be observed very plainly in any common 
house clock with a seconds hand. The sloped faces of the 
pallets cause the teeth of the wheel to give them impulses 
m escaping, so as to maintain the motion of the pendulum. 
This kind of escapement is much the most common, and will 
probably never be superseded, as it is sufficiently accurate 
for ordmary purposes, and is very easy to make, since no 
particular form is required for the pallets. This escapement 
is said to have been invented by Dr. Hooke about 200 
years ago. 

LEVEB ESCAPEMENT. 

139, "A very simple arrangement is shown in the annexed 
figure. The revolving wheel, of which the centre is a, has 
pins a, h, c, <&c., and turns in the 
direction of the arrow; n is the verge, 
n, n the pallets ; which are fixed 
against the face of an arm (or lever) 
D n, which lies parallel to the face of 

the wheel, and so fisir from it as to \^ M ^ o 

clear the tops of the pins. The pin >- ^o^tfl ^ 

a is shown in the act of pressing the 
pallet m, and therefore of depressing the arm ; when this 
pin reaches n, it escapes from m and begins to act upon 
n, by which it raises the arm and escapes at the lower end 
of n, when the pin h begins to touch and depress the firat 
pallet m, and so on.** 




i 



not ooHuoir vendultiii. 



140. " In all theBC eect^einfiiits the verge may be made 
the driver, and thus a reciprocating motion may be made to 
produce a rotation. The wheel wiU always revolve .the 
contrary way to that in whidi it tnms when itaelf driveH.'* 
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141. The common pendulum ie one of tke limpleBt of 
scientific inatruments, and also one of the moet important ; 
for by its means ve are enabled, not only^ to measure time 
vrith preraaion, but to determine the vanat)(»i of the forae 
of gravity at different parts of the earth's auT&ce. 

"Any weight, atta^Jied to the aid of a rod, wwe, or 
flexible thread, and suspended from a fixed point r, may be 
eadd to constitute a praidulum. Its fundamental pn^yertiea 
are first, to show, when at rest, t^e exact vertical, or the 
direction in which gravity acts (when TiBed for this purpoee, 
it is QBually called a jthnnb-ime) ; geeondb/, to oscillate in a 
vertical jdimewben drawn on one side, and then left to 
» itself. If, for cEun^e, the pendulum 
F c be drawn aside to a and liberated, 
it will descend to c, and then asoend on 
e oth^ side as &r as b, describing an 
c B c, nearly equal to the are a c. 
From the poiut b it vrill ^;ain descend 
to c, md then ascend towards a, and so 
on, for a considerable time. When the 
weight is descending from a to c, the 
motion is accelerated, tuid in ascending 
from c to B it is retarded. The motion of the pendulum 
finm A to B is caUed an otciUation or vibration. The ampli- 
tude of each vibration is measured by the arc a b in degrees 
and minutes. The duration of a vibration is the time of 
describing this are. If the amplitude of the vibrations of 
the pendulum does not exceed a certain magnitude, the 
time of vibration will not sensibly vaiT, however the 
Mnplitude may vary. Thus the time of oscillation will 
be practically the same, whether lie angle a t c be 4° 
or 5°, 2° or 3°, or of so small a magnitude that the eye 
cannot distinguiah it without the aid of a microscope. It 
ia certainly remarkable that the pendnhun should require 
as much time to describe an arc of .j'^th of a degree, as to 
describe one of 10 degrees. The reason, however, will be 
evident when we consider that the effect oi gtwiife^ in. 
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Producing motion depends upon the obliquity of the line pa. 
n the position p o the force of gravity tends to keep the 
pendulum at rest ; the impelling effect of the force of gravity 
is measured by the distance of the pendulum from this 
position ; the greater this distance, the greater the average 
velocity of descent ; and any increase of distance within a 
few degrees is exactly compensated by the increased speed 
of describing it." — Tomlinson^s Medhanics. 

142. To show the nature of the application of the pen- 
dulum to clocks, let p c (^g, to Art. 137) be a seconds 
pendulum vibrating on the axis c c? of the verge. It will 
readily be seen, from what has been already shown, that at 
each double vibration of the pendulum, one tooth of the 
crown-wheel a is liberated and carried round ; and, if there 
be 30 teeth in the wheel, it will exactly make one revolution 
in a minute. The slight impulses given by the teeth of the 
wheel to the pallets a and h, suffice to overcome the friction 
of the axle c c and the resistance of the air, which would 
otherwise destroy the motion of the pendulum. 
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PART 11. 



CHAPTER I. 

MECHANISM AND PARTS OF MECHANISM DESIGNED TO EFFECT 

PROPOSED OBJECTS. 

In the chapters of the preceding part of this work, the 
simple forms or elements of mechanism and small com- 
binations of mechanism have been considered, in most cases 
without regard to the oWect to be effected ; the method of 
classifying the different K>rms of which all mechanism must 
consist, and calculating the ratio velocities and powers of 
the combinations must necessarily occupy the first place in 
a work of this kind. It wiU now be proper to consider 
the most approved forms of mechanism exclusively with 
regard to objects to be effected. Machines, or parts of 
machines, specially designed to regulate motion, shaU now 
be considered. The variable action of steam and the wind 
as prime movers, and, in some cases, the variable resistance 
of the work to be done, have called forth the necessity 
of those contrivances ; since it is always desirable and often 
necessary, that the parts of machines should have a uniform 
and regular motion. 

REOriiATORS AND ACCTJMriiATOBS OF MOTION. 

THE FLY-WHEEL. 

143. The nature of the motion of the fly-wheel has been 
already referred to at the end of Art. 21, but the marginal 
figure shows the usual manner of its application as a 
regulator of motion in the steam-engine. It consists of a 
large heavy metallic wheel e f, to which motion is given by 
the crank a b, which is fixed to the axle of the wheel at a ; 
to the other extremity b of the crank is attached the con- 
^^^/fhf rt?d B J), to which a recipxocatmg iiio\ivoTL\a ^«i3l\s^ 
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the great beam d o moving on the axle c. To the other end 

of the great beam (not ^ 

shown in the fig.) is at- ^^=s**=*^^° 

tached the piston rod of the 

steam-engine which gives 

the reciprocating motion to 

the beam. 

The flv-wheel is also an 
accumulator of motion, for 
when the impulsive force of 
the steam is greater than 
the resistance of the load, 
the surplus is imparted to 
the wheel, to which it 
gives a slight increase of speed ; and owing to the gredt 
weight of the wheel, an increase of speed, which is scarcely 
sensible, absorbs an immense amount of moving force. 
When the impulse of the steam becomes less than the 
resistance, then the momentum or moving force of the 
wheel acts upon the load, and that part of the surplus force, 
which was previously imparted, is given back, and the wheel 
assists the piston in moving the load past the dead points, 
and when at the same time the steam is weakened by 
expansion. When the moving force is in excess, the fly- 
wheel absorbs the surplus ; and when the moving force is 
deficient, the fly-wheel gives back what it has absorbed; 
thus producing a continual uniformity of motion. 




THE GOVBEKOE. 

144, This is one of the most important regulators of the 
steam-engine as well as of other machinery. The arrange- 
ment usually adopted in the steam-engine is represented in 
the following figure. Two balls i, i, are attached to equal 
rods of iron n g, h a. The arrangement is composed of a 
series of jointed rods h p, e p, which play upon a vertical 
spindle o d, being fixed at h, but capable of sliding upon it 
at E. When the balls are separated so that the rods h g, 
HG become more divergent, the arms H r, h r open, and the 
pivots r, r separating, draw down the collar e, which slides 
upon the spmdle; and on the contrary, when the baUs 
approach each other, the arms h r also approach each other, 
and the collar e is forced up. In the eolisat tl Ss^ Vs^^^'^^ 
the forked end K of the levex ij IiTL. 'ISVi^b ^iAi& i2JIS5kns.X^-^^^ 



is connected, as shown, in the fig., fiith the tkra^le-vihv v 
of the Bteam-engiae, and the proportion and pontian. of tbe 
rods are so adjusted that when the balls descend to i^udr 
lowest poBition, the throttle-valve becomes open ; and wben 
they separate it becomes gra^u^y closed. A grooved 




wheel i. s, or oftener a toothed pinion, is fixed upon & 
axle of the spindle, which receives its motion from any 
convenient pwt of the machinery. Now, suppose the load 
of the engine to be suddenly diminished, or the force of the 
steam increased, then a momentary augmentation of speed 
will take place in the piston, and coneequently an increased 
velocity mil be .imparted to the wheel a b and the balls of 
the governor ; these balls will therefore fly further from tke 
spindle d c, tbe fork x. mil be drawn down, the throttle 
valve T partially closed, and the supply of steam to the 
cylinder diminished. K, on the contrary, the load of the 
engine be increased, or the force of the steam diminished, 
the speed of tbe piston will be momentarily slackened, the 
velocity of the wheel a. b wiU be diminished, the balls will 
descend and approach the spindle, the foik s will be raised, 
and the valve t be puiially opened. la this manner tiie 
jwemor has tbe effect of admitting at tdl timee to the 
oyJiadar j'lut thai portion of steam wlncfa 
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give tbe piiton its Mfmer speed, tbe quautily beiag alwaye 
proportioned to the load of vbs engine. 

14S. Tlie annexed fig. Bhowe another 
form of the governor, in which the rods 
Off, Off, have a common joint o in the ■ 
vertical spindle A a, and are connected by 
the linke ga, ge, vrith the sliding piece b 
whidh acts upon the throttle valve aa in 
the last article, rotatory motion being 
given to the spindle a o by the bevel- 

tfote. The method of oaloulating the weight of ' 
the balla, Ac, of the govsmor ho that thay miiy 
produce a giTen effect upon the levar of tlie 
throttle valve, ia giTsn in e. cleur manner in Eaim'i 
Treaiiie on ih^ SUam Enffitu. 




THE SAFETY VALVE. 

146. The safety valve is for the purpose of preventing the 
bursting of steam-engine boilers by the elastic force of the 
steam, a t is a graduated lever . 
turning on F as a fiilcrum, v is 1 
the v^ve, which is raised when 
the elastic force of the steam 
becomes too great for the pres- 
sure of the weight w, which ' 
pressee down the valve by means of the lever a 




THE BPBUfe BAFETT TAXTB FOB HIQH-PSESSrBE BOILEBS. 

147. In the following fig. is shown the safety valve for 
high-pressure engioeB. Hie valve is sboVn in its Beat, its 
m)iudle * being pressed down at a by the lever B a o ; o w a 
&ced pivot on which the lever turns ; the pressure on the 
valve at a is produced by a nut at b, working upon a screw, 
which is attached to a spring balance l, the lower end of 
which is attached to a fiied point p. The nut at b may be 
turned so as to submit the valve to any pressure within the 
limit of the action of the spring-balance. An index and 
scale are attached to the balance, the scale being so divided 
as to eipress the number of pounds per square inch by 
which the valve is pressed upon its seat. Thus, if the nut b 
be turned until the index shows a preBausia til &i'fa-,'*i!s^ 
the force of the valve will 'be at ftie Tafca (A Wit* . "?«^ w^isae. 
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incli, and the steam will be confined in the boiler until it 
has attained that pressure ; when the pressure exceeds that 
limit, the lever at b by the action of the steam on the valve, 





presses the nut upwards with a force greater than the strength 
of the spring, which will consequently be further compressed, 
the valve at the same time opening and allowing the escape 
of the steam. 

148. There are various other arrangements in mechanism 
for regulating motion appended to the steam-engine, as the 
hoiler-feeder, the self-custrng damper^ the steam-gauge^ &c., 
which render that important engine completely seU-acting ; 
but these shall be hereafter described under the head of 
Steam Engine. Thependultim is also an important regulator 
'of motion, but it has been already described in the chapter 
on escapements, with which it is particularly connected. 
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CHAPTER II. 



MECHANISM FOR MODIFYING MOTION. 

149. Since the production of motion by the moving power 
of machines, as the reciprocating action of the piston of the 
steam-engine, and the nature of the work required to be 
done, which sometimes requires regular circular motion, and 
sometimes motion varied according to a fixed law ; also since 
regular circular motion, as that produced by the water-wheel, 
is frequently respired to be converted into reciprocating or 
some other vaned motion; there results a necessity for 
modifying these motions of the moving power to adapt them 
to the ps^cular requirements of the arts and manufactures. 
Several methods of modifying motion have been already 
given in Chapters VI. VII. and VIII., where the methods 
of calculating the velocity ratios of the parts, and of con- 
structing the particular forms of the mechanism, are given. 
Several other modes of modifying motion shall now be given, 
many of which are very ingenious, and more or less used in 
practice. They are chiefly taken from that excellent and 
scientific work on Mechanism, hy JProfessor Willis. 



TO CHANGE A RECIPROCATING MOTION INTO A CONTINTJOrS 

CIRCULAR MOTION. 

BUN AND PLANET WHEELS. 

160. "This arrangement 
was invented by Watt as 
a substitute for the common 
crank, in converting the re- 
ciprocating motion of the 
great beam of the steam- 
engine into the circular 
motion of the fly-wheel. The 
rod D B has a toothed wheel 
B fixed to it, and the fiy- 
wheel F-F, has also a toothed 
wheel A Bxed to its axis ; a 
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link A B serves to keep these wheels in gear. Now, when the 
beam o d (the centre of which is c) is in action, the link or 
arm A B will be made to revolve round the centre a just as a 
common crank would, but as the wheel b is attached to the 
rod D B, so as to prevent it from absolutely revolving on its 
own centre b, every part of its circumference is in turn 
presented to the wheel a, which thus receives a rotatory 
motion.'' In "Watt's engine the wheels a and b were equal, 
and therefore the fly-whed revolved twice as fast as the 
crank-arm. 

TWE TJEVIERE OP XAaABOUSSE. 

"" 151. Mrst Arrarfigement, "Let Abe the centre of motion 

of the lever b a, d that of the ratchet wheel, and let the 

lever have two clicks al,ac, jointed 

to its extremity a, and engaged with 

the opposite side of the wheel. When 

a is depressed, the click I will push 

the teeth, and the click c will slide 

over them ; on the other hand, when 

a is raised, the click c will act upon 

the teeth, but h will now slip over 

then^ so that whether a rise or fall 

the wheel is made to move in the direction of the arrow." 

152. Second Arrcmgement, " Here 

A is the centre of motion of the lever 

B A a, and clicks ah, c d, are jointed 

at equal distances on each side of a. 

When a rises, the click a & slips over 

the teeth, and dc pushes them; but 

when a fells, the click pushes the teeth, 

and dc slips over them." 

Note. Levers either of the latter kind with two oUokB, or with a 
single click accompanied by a detent, are also employed to move racks* 
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TO CHANGE A COKTHnJOrS CIECTJLAB MOTIOIT INTO 
A EEOEPEOCATING EECTimTEAB OJIE. 

153. " In the annexed figure, aheis b, revolving piece or 

driver, which has three equal 
wipers or tappets, and the fol- 
lower is a didmg bar and &ame 
n A B c provided with two teeth 
or paUiBta A&ikd b, on op]^site 
Bidea o{ 't^o ccsodaM oi xEic^^sc 
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of tbe driver, 'w^uxk pevokes m the direolioB of ike arrow, 
and its wiper -a is ^kowu in the .aet -of m^Tig ike foSlower to 
the lefb, by pvesnaig ugainst the side of the tooth a. 
Bevolving a l&de farther in ihe same direction, a will 
by its dreular motion escape fnmi a, and at the same 
instant ^ will encounter b, «nd will urge it in the opposite 
direction until h in like maimer escapes from it, when c will 
act upon A. In this way the rotation ofabe will produce the 
reciprocation of the frame/' 

154. In this arrangement the whedl a, thec^itre of motion 
of which is a, by means of liie excentric re^olrmg 
pin e, working in the slit of the arm h d^ the centre 
of motion of which is ^ gines it a reciprocating 
motion. Thu is the same cooabinadian as that of 
Art. 105, but that in this case the pin c, tsy revolving 
always on iiie same side of the centre h, produces 
reciprocation, while in Art. 105 the pin, having 
the centre h within its path, produces a rotation in the 
follower. 

155. In the marginal figure, ite fiHt is attached 
transversely to the bar h, which slides in the 
direction of its length, Idie wheel c rerolving on 
its centre a, and carrying the pin e vsdiich acts 
in the slit. In this case it is easy to see that the 
law of motion is tine same as in a crank with an 
infinite link. 

156. The sliding h«r c n is connected with 
a frame, of which 1^ two bars e f, g hj are 
parallel, and «t rig^t angles to the bar ; a is 
a wheel ike centre of whuii is i, and its centre 
of motion «. This combination is precisely the 
same as that in the last article, a h being the 
radial distance from l^e centre of motion a. 

THE SPIEAL OB SOLID OAKB. 

157. " If a single series of changes in velocity and direc- 
tion be required, and which are too numerous to be included 
within a single rotation of a camb-plate, then the spiral or 
solid comb may be used, aa is the axis of the oamb, on 
one extremity « of widdh a common «erew is cut, which 
wodES in a nnt in the frame of tiie machine, so tiiat as the 
axis lerohes it also trsnels endlong, b is the solLi ^j^^^^ 
p ihe roller of the follower ^Tolob© igQ&.H& m^«£i^V^^i^ft^>ak 





93 



SWASH PLATE. 




kept in contact with the camh hy a weight or spring as 
usual. As the axis revolves the follower d d will receive 

from it a motion in its path, the 
velocity and direction of which will 
be governed by the figure of the 
camb, as in Art. 131. But by 
means of the screw at a, the camb 
will be gradually carrieJd endlong, so that at the completion of 
each revolution the same point of the camb will be no longer 
presented to the follower, as in Art. 131, in which the same 
cycle of changes is repeated in each revolution. On the 
contrary, the path traced by d on the surface of b will be a 
spiral or screw of the same pitch as that at a, and by 
properly shaping the comb, we can thus provide a series of 
changes that wiU extend through as many revolutions of the 
camb as the length of the camb contains the pitch of the 
screw aJ^ 

THE SWASH PLATE. 

158. " E « is a revolving axis, qq a bar capable of sliding 
in the direction of its length, and having a friction roller 
at ^ ; a flat circular plate f is fixed to the ex- 
tremity of the axis b e, but not perpendicular 
to it ; the bar ay may be pressed into contact 
with the plate by a spring or weight. Now, if 
the plate were perpendicular to its axis, the 
rotation of the latter would commimicate no 
motion to the bar, but the effect of the inclina- 
tion is to communicate a reciprocating motion 
to the bar in the direction of its length, the 
quantity of which varies with the inclination of the plate to 
its axis ; and if the plate be so attached to the axis as to 
admit of an adjustment of this inclination, a ready mode is 
obtained of adjusting the length of the excursions of the 
bar." — See Frqf, Willis's Mechcmism, Art. 359, where the 
law of motion of the bar o^g is investigated. 




WATT S PABALLEL MOTION. 



159. This simple and beautifiil arrangement of link-work 
was invented by the celebrated Watt, to convert the reci- 
procating circular motion of the extremity of the great beam 
of tpe steaiD'enguxe into a reciprocating rectilinear motion 
adapted to the piston rod. 



watt's paballel motion. 



9S 



Let the two equal rods c b and o d, connected by a third 
rod or IitiTt b d, move on their fixed centre^ o and o ; and 




let M be the middle of the rod b d. Now, if o b be made to 
move on its centre c alternately upwards and downwards in 
the arc b' b", which will cause o d to move alternately in the 
same manner in the arc d' d", it will be found that the point 
M will ascend and descend in a line m' m", which will not 
deviate sensibly from a vertical straight line. Por when the 
point B is moved upwards to b', the upper extremity of the 
rod B is drawn a little to the right ; and at the same time 
the extremity n to the rod o d, being moved to n', is drawn 
a little to the left. When the extremity b descends to b", 
the extremity d descends to d" ; thus the two extremities 
are again drawn, the one a little to the rwht, and the other 
a little to the left. It will be easily understood that while 
the ends of the rod b d are thus alternately made to move 
right and left, its middle point m will not sensibly deviate 
to the right nor to the left, but will move upwards and 
downwar(& in a line not sensibly varying from a vertical 
direction. 
160. " The complete pawSVd mo\,\Qti, -^^k^.^ ^s. ^^^ 
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mATfS PAHALT.TJ/. W&n.QT». 



uniyersallj adopted m large Bteam-engiiie8> is ehown in 1;he 

{umexed fig. When 
so employed the 
beam of the engine 
becomes one of the 
radius rods of the 
system, a b is half 
this beam, of which 
the centre of mo- 
tion is A. It has 
two links E D, B F, 
jointed to it, of 
which BP is termed 
the mam-link, and E d the iock-linJc, and these are connected 
below by a third hnk d r, termed the parallel-rod, and equal 
to B E. The radius rod or hridle-rod c d is jointed to the end 
3) of the back-link e d, and its centre c is fixed at a vertical 
distance below a equal to B n or b p. The length of the 
rods are so proportioned that r shall be the point to which 
the rectilinear motion is communicated, or parallel-point as 
it is termed.'* — See Frof, Willises Mechanism, Art. 447, who 
deduces from a learned and abstruse investigation, the 
following simple equation exhibiting the proportions of the 
parts constituting the parallel motion. 




ae- = CD X DF^ 



AE 



or c D = = length of the radius rod. 

16L '^ Bince the parts ae, e n, cb considered separately, 
form a system . similar to the arrangement in Art. 159, it 
follows that if the proper point d between b and e be taken, 
an additional parallel motion is obtahied ; so that this form 
combines two parftllel XBuotioxK^ in one, and is commonly so 
employed in steamhengines, by suspending the great piston 
rod p p from P, and the air-pump rod da from d in the link 
E D." The position of the point d m foixnd froxa the follow- 
ing equation. 

, ED . AS 

na = . 

AE 4- CB 

Note, If the syitem of Hnk-woi^ eansidtating the pai^allel motiioii be 

moved into all the positions it is capable of taMng, the actual paitiui of 

^0 poiatB F and d would be found to be, aince Viiud ez^u^ ol tb:^ etvoke 



vhtte's parallel uohon. 
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of the piston is small, curves in the shape of the figure 8; but the 
portion of the curyes described, di£Per insensibly from right lines. See 
Prof. WiUis^s Mechanism, Arts. 441 to 452, where various other important 
investigations on the same subject are given. Mr. Hcmn, in his work am 
the StecmrEngine, has also given similar methods of constructing the 
parallel motion. 

white's paeallel motion. 

162. Toothed wheels are sometimes used in parallel 
motions ; their action is necessarily not so smooth as that 
of "Watt's, but on the other hand the 
rectilineal motion is strictly true, 
instead of being an a|)proximation. 
^ A fixed annulap wheel b, has an 
axis of motion a at the centre of 
its pitch-line. An arni or crank 
A B revolves round this centre of 
motion, and carries the centre of a 
wheel B, whose pitdi-line is exactly 
of half the diameter of the annular 
wheel j>y with whose teeth it gears. 
By the well-known property of the 
hypocycloid, any pomt c in the circumference of the pitch- 
line of B will describe a riffht line coinciding with a diameter 
of the annular pitch-circle. If then the extremity o of 
a rod cc he jointed to this wheel b, by a pin exactly 
coinciding with the circumference of its pitch-circle, the 
rotation of the arm a b will cause o to describe an exact 
straight line, cf, passing through the centre a." 

Note. " Since a c= 2 cos. B a c, it is evident that the velocity ratio of 
to A B is the same as in the common crank, and liie motion produced 
on c is equal to that which would be given by a crank with a radius 
equal to 2 a B^ and in infinite link." 




UA.C1IIMES USED IN THE ABTS, ETC. 



163. This machine is chiefly xi&ei for raising building 
materials to a great height. It is worked hj two handles, 
(( It^^ ^ ^' which turn the axle A p, 

~|, p* on which is fixed the pinion 
jtl p, turning the spur-wheel s, 

= A on the aue of videb, is fixed 
^ the barrel or drum b; the 
rope B coils round this barrel, 
and passes over a pullej fixed 
upon the scaffolding to which 
the materials are to be raised. 
"When very great weights are 
required to be raised, the 
power of this machine may 
be greatly increased by the 
addition of another spur- 
wheel and pinion. The re- 
coiling of the machineiy is usually prevented by a ratchet- 
wheel fixed on the axle a p. 

Example.— Let the length of the winch of each of the 
handles HH be IS inches, the radius of the pinion p =2 inches. 
the radius of the spur-wheel 8=20 inches, and the radius of 
the barrel or drum b = 8 inches ; required, the weight that 
can be raised by the crab when a contmuoua power of 1501b, 
is applied to the two handleBp 

By Art. 30, equa. (2) ■ — 




- = 3375 lb., 



2X8 
= 30 ewt., 15 lb., the weight required. 

THB JIB CBAITG. 

1S4. ThiB machine is used for nusiug weights vertically 
fy' means of a rope or chain coiling toimft. a WiA. kbA. 



HB CRANE. 



97 



passing over a pulley or pulleys attached to a projecting 
arm, called the jib. 

In the annexed figure, the jib jJce rests as well as turns 
on an axle c, firmly fixed in masonry, and is also further 
supported by rollers. The handle % turns a pinion a, which 
turns the spur-wheel 5 ; a pinion on the axle of h turns the 
wheel c ; on the axle of the wheel <? is a barrel, round which 
coils the chain jp, ^, p passing over two pulleys ^, p ; the 




end of the chain has a hook d to lay hold of the weight 
which is to be raised. The barrel on the axle of the wheel 
c is furnished with a ratchet-wheel and detent. The 
crane admits of being turned round so as to bring the hook 
d over any object lying within its circular range, and after it 
is raised the whole machine may be turned round again, to 
deposit it at any other place within that range. 

When the crane is not required to lift very great weights 
only one spur-wheel h is necessary, to the axle of which the 
barrel is fixed in this case. 

Note. — This crane, Trhich waa patented by Messrs. W. Fairhaim and 
Sons, Manchester, affords an additional example of the extension of the 
tubular system in the light and elegant construction of its jib. 

JExamjple. — Let the length, oi ^\i^ "^FroiOa ore \isis>^^ "V* 
=20 inches, the radius of tiie Yvmcm a — ^\s^.^^"«^>*^^ 
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THE tux £NOINE. 



radius of the 'wheel b = 18 iachea, the radiua of the 
pinion oa tlie axle of i = 4 inches, the radius of the wheel 
c = 24 inches, and the radius of the barrel on the axle of 
c—8 inches ; required, the weight the crane will lifl when & 
continuous power of 1001b. ia applied to the winch P 

By Art. 30, eq^u,■ (2) w^ ^'^ \^^-^}l ^ ^^ = 9000 lb. 



3x4x8 



= 4 tons, 40_lb., the weight required. 




THE PLLE EK&IKX. 

is used to drive piles into the ground 
for the support of the piers 
of bridges, or heavy walls, 
where the soil is not suffici- 
ently firm to carry the struc- 
ture, s is a heary block of 
metal, usually about 10 cwt., 
called the ram, which being 
drawn up by a chain passing 
over the pulley p, falls by its 
own ^Tity upon the head of 
the pile p, and thus drives it 
into the ground.' The ram is 
drawn up by a crab (described 
at the beginning of this Chap- 
ter), and at the end of the 
chain is a pair of nippers e t, 
which lay hold of the loop at' 
the top of the ram; risaheavy 
sliding piece fixed on the nip- 
pers, and when the ram is 
drawn up to near the top of 
the &Bme a a. be, the two 
forks s of the nippers are 
closed between the inclined 
stays CD, CD, thus causing the 
nippers to open below, which, 
releasing the loop, allows the 
ram to fell upon the head of 
the pile. The nippers are 
then allowed to fall by the 
and they are bo con-'cn^ea %b ^ 



THE HAND JACK. — PATENT EXCAVATOE. 
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fix themselyes on the loop of the ram, which is ttua prepared 
for another ascent. The height of the firame A b is usually 
&oni 20 to 30 feet. There are various other methods of 
constructing the pile engine, but the one just described 
is the most commonl}' used. 



THE HAND JACK. 

166. This machine is much used in raising large blocks of 
timber or stone through a short space, by 
builders ; part of the case of the machine 
is open to show the wheel-work, &c. h is 
the handle, which turns the pinion a acting 
OB the spur-wheel e ; the pinion i, on the 
axle of c, acts upon the teeth of the rack 
s B, which ia provided with a fork to lay 
hold of the beam or other material to be 
raised ; and d is a detent to hold the rack 
as it is raised. The power of this machine 
may be calculated by Art. 30, equa, (2). 

.EeompZe.— Let the length of the haudle 
H = 20, the radius of the spur-wheel 
c = 16, and the radii of the pinions a 
and J each 2 inches ; and let the power 
applied at h be 1 cwt. ; then the power 
acting on the rack, that is, the 



power at F = — 



X 15 X 1 cwt. 



= 75 cwt. 




the PATBirp BXCATATOE. 



167. This machine, originally an American invention, is 
capable of cutting and lerelling earthwork for the making of 
radways and for other works, at a cost considerably below 
manual labour, and which h^ the additional advantage of 
saving much time. By the attendance of the engine-man 
and assistant, together with the labour of six men for 
carting away the removed earth, this machine, it is said, can 
be made to excavate 1500 cubic yards in twelve hours, at a 
cost of fuel of 12«. per diem. The cost of the machine is 
1500Z. Earthwork in England has generally been taken at 
lOrf. to 1». per cubic yard. 

• See "Ena^mplea ot RBJiwa-jlisKai^" toi^ '*>■">• 



100 THE PATENT EXCAVATOK. 

This apparatus ia a atroDg rectangular &ame of wood, or 
other material, mounted upon wheels, supported, together 
with the machine, on a temporary railroad: at one end 
of this frame ia a strong crane, conaieting of a vertical ahafb 
or pillar, with the jib supported by diagonal stajs, or arma : 
to the end of the chain tackle ia suspended a scoop, shovel, 
or scraper, made of strong boiler-plate iron, and consisting 
of two sides, end, and bottom, the edge of which latter is 




provided with four or more projecting points or cutters ; 
and between these, and at their roots, is a steel edge, well 
tempered, so as to resist stone or other hard substance with 
which it may come in contact: the chain tackle is attached 
to the sides of the shovel, and passes over a pulley at the 
end of the jib, and over another pulley iiied on the top 
of the pillar or support of the crane, and from thence to the 
barrel, upon which it is made to coil. The periphery of the 
laat-mentioned pulley is formed with indentations to receive 
tie links of the cbam, for the purpose of giving motion to 
ibepullej, which has on ita aiis abeve\-wte«\,t8!Kn% \n.\« 



UNCOUPLING FOR RAILWAYS. lOl 

and driving a similar wheel, upon the end of an inclined 
shaft, which shaft actuates certain machinery fixed to and 
supported by the diagonal arms of the crane. This machinery 
consists of a barrel, with other appurtenances, round which 
is passed a chain, with its ends attached to the opposite ends 
of a beam or arm, which is also fixed to the shovel or scraper. 
The crane is capable of being moved round, so as to turn the 
scoop, when elevated, either to the right or left, in a hori- 
zontal direction; for this purpose a "horse-shoe pulley," 
having a groove in its periphery, is affixed to the upper part 
of the crane : a chain, attached at each end to a transverse 
bar, passes round this pulley and over certain horizontal 
and vertical guide-pulleys, to a barrel, in such a manner 
that, by reversing the motion of the barrel, the jib of the 
crane can be turned either to the right or left. A steam 
engine is erected at one end of the rectangular frame, 
or platform, for the purpose of giving motion to the various 
parts of the apparatus. When commencing operation, the 
shovel, or scraper, is suspended by the chain tackle in a 
nearly vertical position, with the steel points towards the 
ground: by releasing the clicks, or catches, of the chain 
barrel, and applying the brake, the shovel will be lowered, 
and force itself, by its own weight, into the ground ; then, 
by communicating motion to the chain barrel, the tackle 
will be raised, and, by means of the indented grooved pidley, 
motion will be given to the shaft which actuates the macninery 
on the diagonal arms, which, in its turn, will force forward 
the shovel into the ground. At the same time that this 
motion is going forward, the shovel, or scraper, is being 
raised or lifted up by the tackle, by which means the shovel 
has a double motion — a thrusting forward motion and a 
lifting motion. When the shovel has become filled, and 
attained its proper altitude, these motions stop, and the 
shovel being prevented from returning by the clicks, or 
catches, the other barrel is thrown into gear by means of 
a coupling or clutch-box, and the crane turned round so 
as to bring the shovel over the cart, or other place of deposit; 
and by certain arrangements it is turned up so as to empty 
itself, in which position it is again reaidy for another 
operation. 

UNCOUPLINO POR RAILWAYS. 

168. This apparatus waa first u'aefiiOTi^^'^^wsssy^'^o^^ 
which, from its simplicity and e&deucs^ , e»si3ttfiN»>^^ ^Tjy^^<^^ 
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THE DEED6IN6 MACHINE, 



It is attached to the hinder part of the tender t, and is used 
in case of emergency, as well as being constantly used at the 
stations, saving much trouble, and with less danger to engine- 
men, as they can disconnect at any speed or at any time, 
whether the engine and train are in motion or not. The 

apparatus consists 
of a lever a c, moving 
on afulcrum b, which 
rests on the tender 
at K; this lever is 
keyed at o to a rod 
CE, which is con- 
nected with a double 
eye and rod to the 
slightly conical pin 
n, going through the 
large double eye d^ 
which is attached to 
the drag-spring f of 
the tender t; the 
links E, E are to 
admit the vibration 
of the drag-spring, 
whicliis alwaysmore 
or less stretched 
when the train is 
behind the tender ; 
a is a guide, bolted 
upon the planking of 
the tender, to keep 
the pin n always in 
a right position ; h is 
a standard or catch- 
plate screwed upon 
the tank to hold the 
lever a c in its place. "When it is found necessary to uncouple 
the engine, the lever a c is lifted out of the notch of the 
plate H and allowed to fall, by which the pin d is raised and 
the engine is immediately disengaged. This piece of me- 
chanism was invented by Mr. Thorman, of ITewcastle-on-Tyne. 

THE BBEDGrsra MACHIKE. 

This machine ia used for raising Band, mud, wid ^cavel 
am the bottoma of harbours and nongaKVo Tvsret^, iot 




THE DEEDGING HACUINE. lOS 

the purpoBe of increaHing their depth and improving their 
naTigatioB. 

169. The boat, or veHsel that contains the 'dredging 
machine, hy Metiiri. Summert mid Ch., is 90 feet S)ng 



and 22 feet on deck. A section of the steam-engine, that 
vorks the dredging apparatus, is shown in the figure : a is 
the boiler, b the engme, &<:., both of which are adapted 
to marine puipoaea. The endless chwnaJTJ carries a 
seriea of bucKets 5, S, b, Ac, which are attached to ita 
alternate links. The chain passes over the toothed axle 
fixed on the wheel o, and a similar axle at T, which i^ near 
the bottom of the water when the machine is at work. The 
ML buckets ascend on the upper aide of the chain, and on 
passing a become inverted, empt;png their contents into the 
small boat e. The buckets are perforated to let the water 
run out of them, and their top extremities are pointed to 
pierce the mud, sand, &c., at the bottom of the water. 
Motion is given to the fly r, and the wheels o and d, by the 
crank-shaft of the engine b, and communicated by the line 
of shafting e, e, e, to the wheel G by a pinion, not shown in 
the figure, and from thence to the buckets. The bucket- 
frame H, acting on the axle of the wheel G as a centre, is 
regulated to a proper depth in the water by the engine, by 
means of wheels which act upon the barrel r, and round 
which the chain of tackle t passes, as shown in the figure. 
The number of the buckets may be from 20 to 40, according 
to the depth of the water ; each bucket is 26 inehea wide, 
16 incbea broad, and 17 inehea deep; and formed of the best 
plate-iron | of an inch in thickness ; also on the ironts, or 
pointed parts of the buckets, are fixed pieces of iron edged 
with steel, for the purpose of increaain% t\*i& A-eeo-^So. •A'^coit 
portion of the bucket, and Va» better a&K^'cav^''*"^^^ «3^asa% 
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in contact with h&rd materials. With an engine of20-horse 
power this apparatus will lift, from a depth of 18 feet, about 
110 tons of mud or clay per hour, or 160 tona of sand or 
gravel in the same time, but in very hard ground, intermixed 
with atones, no proper amount of quantity can be given. 



THB DBLDLIKO IfAOBXHE. 

170. Where great accuracy is required, the common 
method of drilling holes with the bow cannot be applied, 
especially where large holes are to be bored in metaL The 
portable drilling machine, shown in 
the margin, is a simple and useful 
contrivance; which may be driven 
either by hand,or by other machinery. 
Upon the bed a the standards b, b 
are firmly fixed, supporting the two 
bearings c, c of the drill-spindle d d, 
in which the driU n is fixed. The 
driU'Spindle is turned round by the 
bevel wheels a, h, the former being 
fixed on the ^e of the fiy-wheet t, 
which is worked by the handle h. 
To give the drill the requisite vertical motion there is a 
small fly-wheel/ working upon the screw rf on the top of the 
spindle s d. This machine is one of Mr. Jamei NamM/tk'g. 




THE EAHS-DSILL. 

171. Where moderately heavy work 
is required to be done, and where the 
drill just described cannot be applied, 
the hand-drill may be advantageously 
used : motion is given to the machine 
by the handle A, through the bevel 
wheels a, h, to the drill d, the part 
m of the frame being placed agamst 
the breast of the operator, 

HASMYTH'S rOOT-BEUJ.. 

172. This machine is driven by the riggers or pulleys h, 

the one running loose while the other is fixed to the spindle 

Jbj" conveying the motion by means of the upper and lower 

eats of speed-paUeyB e, the strap of whic\i ia ako-wn ^i-j \i\i« 




THE COHVON K>OT-LATH£. 



dotted lines. The motion ia then carried at riglit angles to 
the drilling apindle d by the bevel wheels e. A moveable 




table y, for Bupporting the work to be drilled, is fixed in the- 
frame a, in which it slidea, and can be raised or lowered by 
the wheel h and Bcrew A', according to the size of the work. By 
means of the footboardy working as a lever on its &lcrmn, the 
drilling-spindle ia made to riae and fall ; the preaaure of the 
fijot on the board causing the lodj" to riae, which, by th& 
upper lever £xed to the frame of the machine, depreaaea the 
spindle d whUe it is revolving ; as soon as the presaure is 
withdravtn, the counterbalance weight /" causes the drill to 
ascend to its former position. 

THE COUMOn ZOOT-LATBK. 

173. This machine.for turning metals or wood, by causing 
the material to revolve on central points, acd ta wA. V^ *. 
tod heJd by hand or fixed ia a %Mft-Te^, '^"^^ "^^*''«^*- 

'' Tit 
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LATHES, 



Wlutworth. In the common foot-lathe, shown in the aimexed 
figure, the cutting-tool is held by hand. 

The axis or spindle a b, is called the mandril, and is made 
to revolve with considerable variation of speed by means of 
the speed-pulleys s, s', which are connected by the band or 




strap hf shown by the dotted lines. The frame r carries a 
pointed screw within the fixed female screw d e, the pointed 
screw is moved by the wheel e for the purpose of adjusting 
the distance b b to the length of the bar, which is to be 
turned; the frame r can be moved lengthwise by unscrewing 
the nut which fixes it to the frame of the lathe. The cutting 
tool of the workman is supported by the rest e, which can 
also be moved lengthwise by unscrewmg the nut which fixes 
it. The speed-pulleys s, which act as a fly-wheel, are made 
to revolve by the crank c, on pressure bemg appHed by the 
foot of the workman to the treadle t. The bar of wood or iron 
to be tur^ed is fixed between the points b and d, and is made 
to revolve with the spindle a b by means of clutches, which 
lay hold of a small vice screwed upon the bar. 

Note, — In Cliap. V. are given detailed descriptions of self-acting 
and self-adjusting lathes, which, are adapted to plain and circular 
turning, screw-cutting and boring. The method of arranging the 
mechanism, and making the calculations for cutting screws of any 
required pitch, shall next be given. 

174. " Chcmge-wheeh are employed in lathes for cutting 
screws of anf required pitch, and alao in ^df-wstm^ bithsa. 




CHANGE-WHEELS. 107 

The following figure represents the general arrangement of 
this mechanism ; a 5 is the spindle or mandril of the lathe ; 
to which is united, in the usual way, a cylindrical rod h a, 
upon which the screw is to be 
cut. c c is a long screw revolving 
in bearings fixed to the frame of 
the lathe, and giving motion, by 
means of the nut n, to a sliding- 
table or saddle, upon which is 
clamped the pointed tool m, which 
is intended to cut the screw. Every revolution of the screw 
c c will therefore advance the tool m through the space of 
one pitch of its threads, and supposing the spindle a a to 
revolve with the same velocity as the screw c c, the tool will 
trace upon the surface of ha & screw of exactly the same 
pitch as c c ; but, if A a revolve with a less velocify than the 
screw cc,ha will have a greater pitch. 

" K A fl5 and c c be connected by a set of change-wheels p, s, 
we can, by properly choosing the numbers of teeth in these 
wheels, obtain any required pitch for the screw h a. Let b 
be an intermediate axle supported by the framework of the 
lathe, and either carrying an idle wheel, or two additional 
change-wheels q and e. Now the pitch of screws is com- 
monly defined by stating the number of threads in the inch. 
Let the screw c e have n threads in the inch, and let the 
number of teeth in the wheels p, q, e and s be respectively 
represented by those letters ; then one turn of c c advances 

the tool m through the space of ^ and one turn of a a 

advances the tool through the space which corresponds to 

turns of c, (Art. 30) that is, through inches. 

QX s ' ^ ^ QX sx^ 

The pitch of the screw a « is therefore ^threads in 

^ p X B 

the inch. Thus, by providing the proper change-wheels, a 
screw of any required pitch can be cut. The pitches usually 
cut upon these lathes extend from about 4 to 60 threads in the 
inch, and a set of twenty change-wheels will generally be suffi- 

O X s 

cient to supply all values required for — . These should 

P X E 

he arrmged in a table, and the ^\iee\a eoTx^«^Q^^^^%*^^ ^'^'^ 
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written opposite to them to save the trouble of computation 
during the work." 

Example, — Let the numbers of teeth in the wheels p, q, b 
and s be respectively 18, 12, 24 and 12 ; and let the screw 
c c have 9 threads to the inch, or tj = 9 ; 



then 



Qxsxn 12x12x9 



PX B 



18x24 



= 3 threads in the inch. 




Note, — " If the apparatus, just described, be used for turning 
cylinders, instead of cutting screws, the arrangement wiU not essentially 
dififer, for the motion by which a tool traces a cylinder is precisely the 
same as when it cuts a screw, only that the spiral thread is much closer. 
In a lathe for turning, the number of cuts will be from 50 to 1000 in 
an inch." 

PUNCHING MACHINE. 

175. This machine is used for making holes for the 
rivets that join iron plates together for the purpose of 

forming the boilers of 
steam-engines \ for this, 
purpose immense force 
IS required to be exerted 
through a small space. 
In this machine a heavy 
cast-iron lever l is usedy 
having its fulcrum at e, 
in the strong standard 
B B ; the shorter arm 
carries the punch p, the socket of which is s, and which is 
kept fast by the box a in which it slides. The longer arm of 
the lever l is raised by the camb c, and is on the same axis 
as the heavy fly-wheel w, which is moved by steam or any 
other efficient power. 

SHEAES FOB CUTTING METAL. 

176. In this machine l is a heavy cast-iron lever, moving 
on the fulcrum d ; the camb c, revolving on the centre of 
motion a, acts upon the friction roller p, which is attached 
to the end of the longer arm of the lever ; b, b are the 
edges of the shears, formed of strong steel plates to cut the 
metal, the lower of which is firmly fixed to the heavy block 
E; the weight of the longer arm D p keeps the friction 
wheel p in contact with the camb o, on the centre A of 
which 23 fixed a ponderous fly-wheel w. When the machine 

js/a the position shown in the figure, the met«i.Te^^e^W 
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be cut is placed between the edges b, b of the shears, and 




the camb c revolving, raises the end ^ of the lever, thus 
causing the edges of the shears to close and cut the metal. 

SAW MILL. 

177. The annexed figure explains the connection of the 
parts of a saw mill, though various other constructions of 
the same machine have been recently produced. " a is a 
toothed wheel, which may be sup- 
posed to be driven either by a water 
wheel or a steam-engine, and its 
teeth are engaged with those of 
the smaller wheel b, on whose axis 

is fixed a crank c and an excentric 

E. The crank is connected by a /^ |^ 
link c with the saw frame D ; this ^^ 
is fitted between guides, and there- 
fore, when the crank revolves, 
receives a vertical oscillating mo- 
tion. The timber w which is 
submitted to the action of the saw, 
is clamped to a carriage which 
moves on rollers m, n in & hori- 
zontal direction. "While the saw 

is in motion, as above described, the carriage and timber are 
made to advance in the following manner. The excentric 
E communicates an oscillating motion to the lever ef whose 
centre of motion is/; this lever carries a click r, which acts 
upon the teeth of the ratchet-wheel G, to which an intermit- 
tent rotation is thus given. Upon the axis of a is a pinion 
H, which, gearing with a rack fixed upon the wood-carriage, 
causes the latter to advance towards the saw with the same 
intermittent motion. This intermission is adjusted to the 
motion of the saw-&ame, so that wheiv "Oafc ^-n^ T»«^*^c«i 
wood ahall advance ; and wlien \i\ie «.wi ^<b%<»\v^'»«^*^^^^^®*'^ 
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SMOKE JACK — COMMON CLOCK. 



fore cuts the wood, shall remain at rest. The cut is made 
by the inclined position of the saw, the toothed edge of 
which is not vertical but slightly inclined forwards, so as to 
bring the teeth into successive action during the descent of 
the frame. The detent l serves to hold the ratchet-wheel, 
and therefore the wood-carriage, firm in its position during 
the cut." — See l^rof, Willis's Mechanism. 

THE SMOKE JACK. 

178. This machine is well known as betag used in the 

kitchen to turn the spit. 
A B is a horizontal wheel 
in which vanes or sails are 
inclined to the horizon. 
The rarified air and smoke 
rushing up the chimney 
at B, strikes these sails, 
and causes the wheel to 
revolve together with the 
pinion o, which is on the 
same axis ; c turns the 
face-wheel d and the pul- 
ley E, which are on the 
same axis; and E carries 
the chain or cord which 
turns the spit. The wheel 
A B must be placed in the 
straightest part of the 
chimney where the motion 
of the air is swiftest, and 
that the greater part of it 
may strike upon the sails. 
The force of this machine 
increases in proportion to 
the heat of the ^e, and 
the consequent higher ra- 
rifaction of the air. 

THE COMMON €LO0K. 

179. This figure represents the arrangement of the wheel- 
work of a clock of the simplest kind. " The weight w is 
attached to the end of a cord, which is coiled round the 

barrel A, Upon the same axis as that of the barrel is fixed 
^^e toothed wheel b, and this wheel diivea t\iQ ^VnVoiv b^^NVsajJti 
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13 fixed on the second axia c ft of the train, which also 
carries a wheel c. This wheel 
driTOS a pinion o upon the third 
axis, and upon thia axis is fixed 
a toothed wheel i>, which ie colled 
an escapement or swing-wheel," 
(see Art. 188) one tooth of the 
wheel n escaping or passing the 
line of centres for every vibra- 
tion of the pendulum e'f, which 
is attached to the verge e d, the 
pallets d on the verge being '■1 
engaged with the teeth of the " 
wheel D. 

"Let the time of a vibration- 
of the pendulum be t seconds, 
where ( is a whole number or a 
faction, and let the swing-wheel 
have e teeth, then the time of 
rotation of this wheel is 2 te. To 
take a simple case, let the pen- 
dulum vibrate seconds ; therefore ( = 1, and if e = 80, the 
swing-wheel will revolve in a minute; and if B have 48 
teeth, 0=45, the pinions 6 leaves each, and y the number of 
revolutions made Dy a while n makes one revolution, then 
48x45_ 

therefore a will revolve in one hour ; and supposing the 
cord to be coiled about 16 times round the barrel a, the 
weight w in its descent will uncoil it and turn the barrel 
round, communicating motion to the entire train until the 
cord is completely uncoiled. 

"This train of wheel-work is solely destined to the 
purpose of communicating the action of the weight to the 
pendulum in such a manner as to supply the loss of motion 
&om friction and the reaistanco of^ the air. But besides 
this, the clock is required to indicate the hours and minutes 
by the rotation of two separate hands, and accordingly two 
other trains of wheel-work are employed for this purpose." 
The train just described is generally contained in a frame 
consisting of two plates, shown edgewise as kl,mn, which 
are kept parallel and at the proper disttiiicfi Vj "dKi^a *« "isssi 
pQhas, not shown in the doftgrwa. 0\i^*sA» ""osSwifc tas 
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drilled in these plates, whicli receive the pivots of the axes 
already described. But the axis which carries a and b 
projects through the plate, and other wheels e and v, are 
nxed to it. Below this axis and parallel to it, a stout pin or 
stud is fixed to the plate, and a tube revolves upon thifr 
stud, to one end of which is fixed the minute-hand ic, and 
to the other a wheel e engaged with b. In our present 
clock E revolves in an hour, consequently the wheels e and e 
must be equal. A second and shorter tube is fitted upon 
the tube of the minute-hand so as to revolve freely, and 
this carries at one end the hour-hand h, and at the other a 
wheel f, which is driven by the pinion p ; and because jT 
must revolve in 12 hours, it must have 12 times as many 
teeth as r." Por an elaborate work on clocks, &c., see 
Rudimentary Treatise on Clock and Watch making, by 
E. B. Denison, M.A. 

THE PEBAMBULATOB. 

" This machine is used for measuring distances on roads, 
for settling disputes concerning the charges of the drivers 
of hack-carriages, and for other purposes. It consists 
principally of a wheel upon which it runs, and an index 
which shows the number of turns of the wheel reduced into 
miles, furlongs, poles and yards. The carriage or stock is 
made of wood, and is about three feet long. At one end is. 
a handle for the person who uses it, and the other is 
furnished with brasses in which the axle of the wheel turns; 
this end of the stock has the central part removed, thus 
leaving two arms between which the wheel works. Upon 
the stock and just in front of the handle is the dial-plate 
with its two hands by which the distances are registered. 
The wheel is 8i feet or i pole in circumference. Upon one 
end of the axis of this wheel is a small pinion which works 
into a similar pinion at the end of a rod which passes up the 
stock to the work beneath the dial-plate. Upon this rod 
is an endless screw, which turns once roimd for every 
revolution of the carriage- wheel of the perambulator. This 
screw works into a wheel of 80 teeth, which is consequently 
moved one tooth for every i pole, and carries an index or 
hand making one revolution for 40 poles or 1 furlong. 
On the axis of this wheel is a pinion of 8 teeth, which works 
into a wheel of 40 teeth, and on the axis of this second . 
wheel 23 a pinion of 10 teeth, which moves a wheel of 160. 
^e^A This last wheel carries anothex \iaadL, ^iVjm^ wnaa^ 
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quently makes one revolution for 80 of the former. These 
hands are concentric Hke the hour and minute-hands of a 
clock. The first of these circles is divided into 220, and 
the second into 40, the respective numbers of yards and 
poles in a furlong ; the figures on these circles are read off 
by the first-mentioned index. The third circle is divided 
into 80, the number of furlongs in 10 miles, and to this 
circle belongs the index attached to the wheel of 160 teeth. 
The distance moved over is shown by reading off the figures 
of the indices, or hands, and dividing the number shown by 
the last-named hand by 8, which gives the distance required 
in miles, furlongs, poles and yards, llhe instrument is 
furnished with a stop, so that after the distance is measured, 
the perambulator may be conveyed without the hands being 
altered. When about to commence a measurement, the 
wheel should be turned round until the first-mentioned 
hand points to 220 on the circle of yards, which may be 
called the zero of the instrument." — See Feramhilator, 
J^emvy CyclopcBdia. 



CHAPTER IV. 

PUMPS AND OTHER HYDRAULIC MACHINES. 

—4 

THE COMMON SUCTION PUMP. 

180. This machine, so well known in domestic establish- 
ments, is usually thus constructed, a c is a cylindrical 
barrel, a b a pipe having its lower end in water ; «? is a fixed 
valve opening upwards, and ^ is an air-tight piston, moveable 
by a handle or brake fixed to the rod, and having a valve v' 
opening also upwards. Now, let the piston p descend as 
low as it can, each valve being shut ; then, when p ascends, 
there will be a vacuum in the barrel between a and c, and 
the valve v will be opened by the upward pressure of the air 
in the pipe a b, and the air will follow the piston and fill the 
empty space a c. The air in the pipe will thus become 
ranfied, and hence the pressure of the air on the surface 
of the water at w will be greater than the pressure of the 
air in A B, and therefore the water will be forced «» %\s$«<5» 
diatance up the pipe a b, tiH ttie ^c^vd^toxss^ '^ x^^^^-tfe^. 
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On again depressing the piston, the Talve v ia closed, and 
the TolTe v' forced open (aa in fig. 2), 
through which the air in a escapes. On 
raising the piston a second time more air 
rushes from a b, and the water in the 
pipe rises still higher. Thus, hr aJtemately 
raising and depressing the piston, all the 
air will be drawn out of a b, and the water 
will rise up to the ralve v. The piston 
being now raised water instead of air will 
open the valve v, and rush into the barrel, 
and, on lowering the piston, the water 
closes this valve v, thus preventing it from 
flowing back; at the same time the water 
S^ forces open the valve v' and passes through 
f j i it, so that the water is now both above and 
III d below the piston. This action being con- 
tinued, the water will rise still higher above 
the piston, till it be discharged at the 
spout s. 

Nole, — la this pump the height of the valve v 
above the water moat not greatly exceed 30 feet ; 
because the pressure of the atmoaphare, in its rarest 
state, will not raisa the water in. b vacuum above 
that altitude. 

THE EOECIKG PUMP. 

181. In this machine at is the suction 
tube, A B a c the body of the pump, and 
u E a tube ascending to any required height. The bodj' of 
the pump is lumiBhed with an air-tight 
solid piston or plunger m n, attached to 
the rod s, whica is moved by a handle or 
brake, aa in the last Article. At o and H 
are fixed valvea opening upwards, Now, 
suppose the plunger D at its greatest de- 
pression, the valves closed, and the air in 
its natural state ; then by the ascent of 
M N, the air in A o N M occupying a greater 
space, its elasticity will be diminished, and 
consequently the greater elasticity of the 

air in at will open the valve at c, while 

the valve at h ia kept cloaedb^ the elasticity 
o£tbe external air; water will therefore rise i-nftie ww^vqq 
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tube. On the descent of u n from its ereateat elevation, 
the increased elasticity of the air in the Dodj of the pump 
will keep the valve at o closed and open that at h, whence 
air will escape. By similar ascents and descents of the 
piston the au^ wiU be expelled and water lise into the 
body of the pump. The aescending piston will then press 
the water through the valve at h, which will close and 
prevent its return into the body of the pump. The aseente 
and descents of the piston, being thus contmued, will raise 
the water to any required height in the pipe H K. 

A ascend Mglier than about 32 feet 



XOBCINQ T1IUP WITH AN AIB-CEAUBEB. 

182. In the forcing pump just described, the stream is 
intermittent, since there is no force impelling it during the 
descent of the piston. One mode of remedy- 
ing this is by making an interruption in the 
aecending tube, which is surrounded by an 
air-vessel t, in which, when the water has 
risen above z, the air above it is compressed, 
and by its elasticity forces the water up the 
pipe z T, the orifice of which is narrower 
than that of the air-chamber f q, and there- 
fore the quantity of water introduced during 
the descent of the piston will supply its 
discharge for the whole time of the stroke, 
producing a continued stream. 

Nbu. — There is a great defect in the pump just described; for after it 
haa bsen aome time in action, the aar in the chamber E Q beoomeB 
absorbed into the water, so that it is found that at length nearlj all the 
ajr has passed off witli the water discharged from the pump. The 
defect of thia pump ia remedied bj the following arrangement. 

THE COCBLE-ACTIHO FTTMF. 

183. This machine ia simplya double-actiiig forcing pump, 
P is a solid piston, or plunger, attached to a rod which passes 
through an air-tight atu£Bng-boi at b. On each aide of the 
cylini^r containing the piston ore two pipes ab,ed. The 
water is drawn up « 6 ""om the well, and forced up e d to 
the reservoir. The valves A, B, c, s all riae in the same 
direction ; and supposing the body of tlia "^issa^ \» "q* SSis.^ 
vitb water, then by the nuamg oE ft^e -^KA^a. "^^ ■^■Ssieb v 
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and D will be opened, wliile c and b will be kept abut hj the 
preasure of the water on them ; at the same time the water 
is forced by the piston through the valTe », 
and from thence up the pipe cd; while by the 
presBure of the external air the water rises up 
the pipe a, and pressing open the valve a, fol- 
lows the ascending piston. But when the 
piston descends, the valves a, s will be dosed, 
and G, B opened; the water in this case Is 
forced through the valve o up the pipe cd; 
the water at the same time entering the cylinder 
by the valve B, foUowa the descending piston ; 

THB FIBE XNGrKE. 

184. This engine is a combination of two 
forcing pumps £ T, oh, the pistona of which 
11 il are Q, q', which force the water through two 
valves, opening inwards, into' a targe receiver of 
air-ebamber a b c d. From the receiver proceeds a flexible 
tube U L, called a hose, of any required length, through 
which the water is thrown 
And directed to any point. 
The pumps are worked by 
the lever btb, the fulcmm 
of which is t, so that while 
the one piston ascends the 
other descends. The suction- 
pipe n supplies the water 
required to be raised. "When 
the piston q' is raised, the 
pump e H becomes filled, and the descent of q,' will cause 
the valve h to close, and force the water into the air- 
chamber through the valve i, while the water in the air- 
chamber will cloee the valve s.. At the same time that q' 
aacends, q descending will force the water through the valve 
K into the air-chamber. By these means the air above the 
surface of the water in the chamber, becoming greatly com- 
pressed, will, by its elasticity, force the water to aacend 
through the hose u l with a great velocity. 

NeU, — There are vsjious other arrangementti in tho partB of tluH 

iBMibine, the chief of which is lisi-work, like the parallel moUon, 

Art 160, attached to the leverBB,BndthepuAoaB'bq,',a%,toiivBkiiUi«a 

»^oend and deecead vertioallj. The »nnin th™;f\ii ii.\»n aii«imy6Aia5.\i^ 
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« of a Hpnr-wliBel, fiied on the levsr, uid soling on taoki 
fixed on the pistons ; both of irhich additions are improrements. But 
ths general principle of the machine is tiie lame aa tbat just described. 

THE BfrsAJr rout. 
1S5. ThiB machine ia usuallj formed b^ a epiral pipe of 
several convolutiouB in one plane, as in the annexed fig. 
The curved pipe ia connected at its inner end, by a water- 
tight joint, to a vertical pipe r f, while the other end B 
receives, during each revolution, nearly equal quantitieB of 
air and water. This machine revolvcB on 
an axis (not shown in the fig.) passing 
through the end r of the pipe. " The 
outer end of the pipe ia furnished with 
a Bpoon B, containing as much water as 
will half fill one of its coils. The water 
enters the pipe a little before the spoon 
has reached its highest position, the 
other half remaining full of air. This 
air communicates the pressure of the 
curved column of water to the preceding portion j and in thii 
manner the effect of nearly all the water in the coiled wheel 
ia united, and becomes capable of supporting the column of 
water, or rather water mixed with air, m the ascending pipe 
r p. The air nearest the joint at r is compreiied into a space 
much smaller than that which it occupied at its entrance. 
The losB of power, supposing the machine well constructed, 
ariseB only from the Inction of the water against the sidns of 
the pipe with that of the wheel on its aiis, and a Hmall a^ldi- 
tional quantity of water on the side of the machine iitmrest 
the BDoon s : and where a largo quantity of water is to ba 
r^edto a moderate height, these sources of res istit tuts niuy 
be rendered inconsiderable." — Qregory't MathamatiaM /or 
Practical Men. 

!foie.—The ipirol pump i* ujually oaUofl tlia Xiirleh maMi*, \mtm*iim 
it was invented, about 17*fi, by Andrea WiTtt,ut 7A\r\a\l. (Uliw lw"ll 
employed with great Rueceui In vsrluuB unuiilrinai ■n4 Ltia lo'" 
l>r. Thomat Yoimg itatei, tlial lia anythiyoA il uilriuitiiKilMMl;' t'lf tMl'H 
water 40 feet bigh. 

186. The Screw of Jrekimiide* Js unubJI/ e]M»»f'i ti»i"'i({ 
machines for raising water, being Nomewhat similar J" 'ts 
action to the spiral pump just described. It <'.ltW.<ii mw\»S'^* 
<^ s pipe woand spinlly round ft (;J\iIv4Kt,•^l\»S^^v^*\^**'»'"'•* 
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an inclination of from 30° to 45° to the horizon, and is 
capable of being turned on pivots. The lower end of the 
spiral pipe being immersed in the water to be raised, the 
Tcater first descends into the pipe bj its gravity; but the 
cylinder being turned, the water moves on in the pipe and 
at length issues at its upper end. Several circumstances 
tend IkI make this machine imperfect in its operation. The 
adjustments necessiuy to ensure a maximum of work are 
often difficult ; besides, it seldom happens that the work 
done exceeds a third of the power appbed ; bo that, notwith- 
standing its apparent ingenuity and simplicity, it is seldom 
used in modem times. 

THE nTHBl.ULIO BAH. 

187. The essential parts of this machine are shown in the 
marginal fig. ; it may be advantageously employed where 
u there IB a large supply of water 

H with only a small descei^t. The 

H' water running in the inclined 

I pipe A acquires suf&cient force 

m to raise the heavy valve B, 

I^ffJ which immediately stops its fiir- 

(|s^9 tlier passage. The momentum 

^S^^^^^^^^^^^^B^ whioli the water has acquired 
^^^Q^pBl^g^^^^^ then forces a portion of it 
through the valve o, into the 
lur'Vessel d. The condensed air in the upper part of v 
causes the water to rise in the pipe e, as long as the effect of 
the water m a b continues. 
When the water in ab 
becomes settled, the valve 
B will open i^ain by its 
own weight, and the cur- 
rent along AB will be 
renewed, until it again 
acquires sufficieni force to 
close the valve b, open C, 
and repeat the operation. 

THE SUCTION BAM. 

ISS. In principle this 
machine is the same as the 
last. The ijater flows from 
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pipe A I w B ; T is a ball valve, which closes the opening i, when 
lifted up by the water ; e is a well from which the water is to 
be raised bj the pipe e d w, having valves at n and w, and an 
air-chamber o. The pressure of the water in the cistern a a 
sustaiQS a current in the pipe a i w b ; and when the water 
has acquired a sufficient velocity, the valve T is raised, and 
the opening i closed : after which the water in the pipe w b 
continues to be discharged at b, thus forming a vacuum in 
the pipe. The pressure of the external air then raises the 
water in the well e up the pipe e n w, thus opening the 
valves D and w ; the water is then discharged at b. When 
the current in the pipe a i b is at rest, the valve v falls, and 
the current is renewed in the pipe i w b, the valve t again 
ascends, and so on as before. 

THE CHAIN PUMP. 

189. This machine is only used when water is required to 
be raised from 3 to 10 feet in height. It consists of a con- 
tinuous chain passing over two pulleys (Hke the upper one 
in Art. 64), one placed vertically above the other, (the whole 
may be conceived by referring to the right-hand figure, 
Art. 50). The lower pulley is in the water to be raised, and 
the upper one at the required height, which is usually tiumed 
by a winch. The chain is furnished with leathern suckers 
acting as pistons, at from 8 to 10 inches apart, and these 
draw the water up a vertical pipe enclosing one side of the 
chain, when the upper pulley is turned round. 

HTDBAULIC BELT. 

190. This is an endless double band of woollen cloth, 
passing over two rollers, the lower part of the belt being 
immersed in water: it is driven with a velocity of not 
less than a thousand feet per minute, and the water con- 
tained between the two surfaces is carried up and discharged, 
as it passes over the upper roller, by the pressure of the 
band. 

THE CENTEIFUGAL PUMP. 

191. This very ingenious and powerful machine was 
invented by Mr. Appold, and its capabilities tested at the 
great Exhibition of 1851. It consists of a hollow disk, or 
cylinder, a section through the axis of which is shown at d, 
and a side view at d with curved yaaft^\ tVia ^s^s^^VL 
inchea in diameter and 3 indies m m'i^i^i ^ ^^Jwb T^s^.^'^^^isi^'^ 
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drcular opening in the centre 6 inches in diameter, through 
Trhich the water paseea. This disk is eDclosed on both 
sides, excepting the central opening, and is quite open 
all round the rim. The disk is placed vertically on an 
axle p d passing through its centre ; and on the end 
of tlus axle is fixed a pulley j) for driving the disk with 
a strap &oni the gearing of a steam-engine, having a 
cylinder9inchesin£ameterand 2^ feet stroke. In order to 
raise the water, the disk i/ is 
fixed at the bottom of a ver- 
tical trunk sv, which is 22 
feet high, 7i feet broad, and 
one foot wide ; at the bottom 
of this trunk is a tank to 
receive the water as it flows 
out of the valve T ; and 
there are othervalvea v,&a., 
at different heights in the 
trunk, according to the 
height the water may be re- 
quired to be raised. 

When in action at the 
Great Exhibition the water 
issued at the valve T, which 
IS 10 feet above the disk, at 
the rate of about 2000 gal- 
lons per minute, and the 
d ak was making from 800 
to 1000 revolutions per 
mmute ; the capacity of the 
disk is about 315 cubic 
mches, or about 1^ gallon. 

192. "While the one-foot 
disk is raising 8 tona of 
water 6|feethignperminute, 
10 greater strain on any part of the pump than 
a the six-inch drum within the disk ; this etr^ is 
equal to a leverage of 8 inches. (See the results of various 
experiments on the following Table.) The pump will pass 
almost anything that is small enough to go through, there 
being no valves ; a quantity of nut-galls (about half a 
gallon) were thrown into the one-foot pump all at once, 
when it was at fail ispeed, and they paseed through without 
breaking one. 
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ToMe of Mea/n Hesvlts of various Experiments with Mr, AppolcPs 

Centrifugal Pump. 









Strain in lbs. 












on a dram of 












4 ft. diameter 


Equivalent 




No. of 


No. of 




driving one of 
6 in. diameter. 


strain on tbe 


Per centage 


revolutionn 


callons 




steam engine 
rated in lbs.. 


ofwoilidone 


per minute 


raised 5 feet 


Equivalent in lbs. 
raised I foot higli 


as measured 


compared 


of Sin.dmm 


6 inches high 


by a 


raised 1 foot high 


with power 


and pump. 


per minute. 


per minute. 


dynamometer. 


per minute. 


expended. 


400 


500 


27,500 


74 


44,400 


61-7 


412 


600 


33,000 


80 


49,440 


66-7 


427 


700 


38,500 


87 


55,723 


69- 


440 


800 


44,000 


94 


62,010 


70-9 


453 


900 


49,500 


100 


67,950 


72-8 


474 


1000 


55,000 


106 


75,366 


72-9 


481 


1100 


60,500 


113 


81,479 


74-2 


495 


1200 


66,000 


118 


87,615 


75-3 


518 


1300 


71,500 


121 


94,017 


76- 


535 


1400 


77,000 


126 


101,115 


76-1 


563 


1500 


82,500 


134 


113,163 


72-9 


680 


1600 


88,000 


138 


120,060 


73-3 


595 


1700 


93.500 


142 


126,733 


73-6 


607 


1800 


99,000 


150 


136,675 


72-5 



Note, — This machine has lately been found more efficacious than any 
other hydraulic apparatus of like power, in the drainage of Soham Mere, 
in Cambridgeshire. ' 

bbamaq's FBESS. 

193. This machine has pistons fitted into the large and small 
cylinders A and b, which are 
connected together, as shown 
in the figure, there being a 
valve at o to admit the water 
from B to A. A pump piston 
in the cylinder b forces the 
water through the valve c into 
the cylinder A, and thus raises 
its piston. Now, let the dia- 
meter of the cylinder a = D 
inches, and that of the cylinder 
B = (^ inches ; then the area 
of the piston is a = J tt D^, and the area of the pxunp-piston 
in B zz \ IT d^\ therefore the areas are 

as d^ : D* 




or as 1 : 
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Now, if D = 20 inches aud d = ^ br inch ; then 
l:g::l:|; = 1600. 



will produc 



in B, it 
Now, 



suppose the pump piaton be preased down by a lever with a 
force of 5 cwt, ; thea the large piston will ascend with a 
force of 1600 x 5 = 8000 cwt. = 400 tons. 

This press has appeared in various forms and under 
various names, since its invention by the celebrated mecha- 
nician, J. Bramah, who obtained a patent for it in 1796. It 
haa been extensively used for pi^ssing goods of various 
kinds. Another of its most 
use&l applications ta to the 
testing of girders and beams 
of cast iron. Its latest and 

Serhaps moat remarkable 
utyiatbat of lifting the iron 
work of the tubular bridges 
en masse from the water 
level to their final altitude. 
Figures 1, 2, and S, with 
their aceompanving de- 
scriptions, will show their 
arrangements in their chief 
modern applications. 




194. Hydrostatic presses 

consist essentially of two 
distinct parts, viz., the pre»», 
or machine in whi(£. the 
force acquired is applied, 
and thepwaping apparatus, 
by which the water is forced 
into the press; these two 
parts of the entire machine 
being connected only by the 
pipe through which the 
water pasaeB from one to the other. Of the accompanying 
^e., ^oa. 1 and 2 show the main parts o£ tte ^lesBj-jii;,, the 
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cylinder, into which the water is admitted ; the ram, or soEd 
plunger or piaton ; and the crose-head by which the presBure 
at the end of the ram is dis- 
tributed over a lengthened Fig. a. 
surface for use. The figures 
ebow the cylinder as sup- 
|>orted in a&ame upon girders, 
in a manner similar to that 
adopted in raising the tubes 
of the railway bridge recently 
erected at Conway. 

Fig. 3 ahows the section of a 
portable forcing-pump as com- 
monly used for provmg cast- 
ings with the hydrauHc press, 
for which purpose the press 
IS applied horizontally, and __ 
mounted on an iron carnage , 
for portability But, however 
vuied in arrangement for 
particular purposes, the pump 
and the press consist of the 
same essential parts, as fol- 
lows the pump comprises a 
cistern, or kmd of pail, for 
containing the water, and mto 
which a barrel descends nearly 
to the bottom The barrel is 
fitted with a plunger, by 
working which the water is 
driven through a small tube 
or pipe into the press The 
pump 18 furnished with a 
safety-valve, and also with a 
screw for lettmg off the water as required The press con- 
sists of a strong hollow cybnder of cast-iron, close at one 
end, and of a solid ram working through the other end, the 
water-pipe being inserted through the metal of the cylinder 
in a water-tight screwed aperture. Fig. 1 is an elevation of 
the press ; fig. 2, a vertical section of the press, taken at 
right angles to the elevation ; and fig. 3, a vertical section 
of a pump ; a is the cast-iron cylinder ; b, the ram ; c, the 
casing or frame of the cylinder ; d d are two ca»,*».\i.sia. 
^rdera supporting the casing ■, e ia ^6 cwAr^iwa. isca^i^MBi:^-, 
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ffj two guide-roda ; g, the water-pipe from the pump, with 
a leTer-Talre at A, bj closing whi^ the pressure will be 
rettdned, should the pipe burst. Oa fig. 3,y shows the other 
end of the water-pipe, which is at t screwed Into a stuffing- 
box on the pump ; k is the lever of the safety-valve a', which 
is cylindrical, and finished with a conical end, which fits a 
seating of similar form ; / is a standard 
Fig. 8. bolted at wt to the cover of the cistern, 
and having an eye-boas at n, for guiding 
the plunger ; o ^ is a link pinned to the 
plimger ; q is the pail or cistern for holding 
, the water; r, the barrel passing through 
an opening in the cover, and fixed to it with 
bolts and nuts; s, the lower valve-seat, 
" and conical three-aided valve, the former 
d into the end of the barrel ; 
„ t, a Tube depending from the valve-seat s, 
and screwed upon it: this tube 
reaches nearly 
to the bottom of 
the cistern, and 
is perforated at 
the end with 
nijnute apertures, through 
which the water is admitted 
without dirt or particles, which 
would injure the working of 
the pump ; M is the plunger, 
which works through a stufi'- 
mg-box on the top of the 
barrel, and is made with a slot 
at V, to receive the link op, 
whicli is pinned to it and also 
to the pump-hMidle; w is the 
plunger-rod^ screwed into the 
upper end of the plunger; y, 
tlie pump-handle, jointed to 
the standard at x. During the 
first part of the action of the pump, while no great pressure 
is yet produced, the handle is pmned to the outer of these 
, holes, as it makes a larger stroke with the piston, and thus 
saves time: the pin is afterwards removed to the inner 
hole, to have all the advantage of the leverage, « is the 
apper or diaehtage ralre, ■wim a coiactl eai-, i.^ » voixi- 
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duced from the top, and covered with a short screw, which 
likewise regulates the lift of the valve. This valve is 
formed by being simply filed flat out of the round. 

HTDEATJLIC PEESS iPOB LIPTING THE TTJBTJLAE BELDGES. 

195. The most stupendous work to which the hydraulic 
press has been applied is that of lifting the massive 
portions of the Britannia and Conway tubular bridges to 
their positions ; for which purpose the arrangements of the 
machinery shall be here described. For the purpose of 
forcing the water into the cylinders of these presses, two 
steam engines, each of 40-horse power, are employed. The 
cylinders of these engines are arranged horizontally, 17 
inches in diameter, and 16 inches stroke. The piston-rods 
work through stuffing-boxes in both ends of the cylinder, 
and, being continued, form the pistons of the forcing-pumps. 
These pumps are ly^ inch in diameter, and 16 inches stroke. 
The pipe for conveying the water into the cylinder is ^-inch 
bore, and J-inch thick, so that its external diameter is 1 inch, 
made of wrought iron. The power applied to the pump is 
thus increased in the ratio of the areas of 1^^ to 20 inches, 
or as 1 to 355. If the full power of the engine, equal to that 
of 40 horses, were exerted, the available power thus produced 
in the press would equal the product of 355 and 40, or that 
of 14,200 horses. The actual work done by the one large 
press at one end of the tube, or the two smaUer ones at the 
other, is of course equal to raising half the tube, or 900 
tons. The power exerted by the head of the ram, 20 inches 
diameter, is thus equal to 2*25 tons, or 5040 lb. per circular 
inch. 

The ends of the tubes, which were to be raised, were 
strengthened with massive frames of cast-iron fitted to the 
interior, and bolted to the plates of the tubes, and also to 
each other at the joints. 

Figs. 1 and 2 represent the frames employed for this 
purpose. In fig. 1, a a are vertical side frames of cast 
iron, fitted to the inside of the plates, and bolted to them ; 
B B are horizontal frames similarly secured, firmly bolted, 
and closely fitted to the vertical frames ; c shows the manner 
in which other cross girders were connected with the vertical 
frames, for the purpose of connecting the chains. In the 
Conwav tubes, two of these lifting fca.mfe^ ^^t^ ^ys^^^ ^'^^ 
end of the tube, one over ttie o^Jtiet. \t^ *vX^^ -^i^iwssssi^ 
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Pig. 2. 



tubes, three are employed, similarly arranged, one over the 
other, the ends of them fitting under deep notches or 
shoulders formed in the vertical frames, and firmly bolted 
thereto. By way of providing additional safety, two very 

thick straps of wrought 
D ^" • iron pass over the upper 

pair of cast-iron beams 
from a central point 
above, and descend in the 
inclined positions of the 
sides of the letter a into 
the bottom cells, where 
they are secured with 
strong wrought-iron keys. ' 
The vertical partitions 
forming the bottom cells 
are, for a length of from 
8 to 12 feet at each end of 
each of the tubes,strength- 
A ened with thick cast- 
iron cheeks, or flitches, 
of the same width as the 
plates, 1 foot 9 inches; 
one of these cheeks being 
placed on each side of each 
of the vertical plates, and 
firmly bolted through. 
Eig. 2 shows a transverse 
section of one of the 
strengthening frames, A a, 
(fig. 1,) which are 12 in. 
deep, 15 in. wide over the 
face, 3 inches thick in the 
outer fiange, and 2 inches 
in the inner one. 
!Figs. 3 and 4 show the combined arrangements for 
lifting the tubes of the Conway Bridge, with the hydraulic 
press, chains, &c., and the cast-iron lifting frames. Fig. 3 
IS a transverse section through the tube and front elevation 
of the press. Fig. 4 is a longitudinal section of the end of 
the tube and section through the middle of the press. B/O- 
^ferriag to these hgurea, we will describe first the parts which 
permanently belong to the construction o£ t\ie> tub© and its 
connection witb the tower, and afterwaxia t^i<b tem^ot^s:^ 
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apparatus employed for the purpose of lifting tlie tube. 
A A are the two side and top and bottom beams of cast-iron, 
forming one of the sets of eastings used to strengthen these 
parts of the tube, as already described, b b are the cast- 
iron flitches or cheeks bolted against the vertical plates 
forming the partitions of the lower cells, o c, the lower 
bed-plates of cast-iron, resting upon bearings of wood, d d. 
E E, cast-iron rollers, upon which r r, the bed-plates of the 
tube, rest, and are capable of longitudinal motion in either 
direction. The top of the tube is connected by strong 
wrought-iron bolts, a a, with a series of transverse cast-iron 
girders, h h. These girders are connected by sockets in 
their lower flanges, with two longitudinal girders, 1 1, which 
are capable of longitudinal motion, as they rest upon spheres 
of gun-metal, as before mentioned, working in a groove on 
the upper surface of the bearing plates, J J, which are fixed 
upon the projecting ends of transverse girders of cast-iron, 
K K. The temporary parts, introduced for the purpose of 
stiffening the ends of the tube during the raisiug, and also 
of connecting the lifting chains, are as follows : — l l are two 
pair of cast-iron girders, or lifting frames, fixed horizontally 
across each end of the tube, and bolted in recesses formed 
in the vertical casting frames A A. In the Britannia tubes 
three pairs of these girders were used, the upper and under 
ones for the purpose of attaching the lifting chaius, and the 
intermediate one to assist in supporting the sides of the 
tube. 

The lifting chains M m are formed in links with notches at 
one end of each alternate link, as shown at n n, fig. 4. 
These notches fit into corresponding ones on the lower 
flanges of the cross girders l l ; and when these are bolted 
in their places the links are, as shown in fig. 4, held firmly 
between them. 

The press by which these chains are drawn up, and the tube 
thus raised, is shown above the tube in the place in which it 
is first fixed, and which it occupies during the whole operation. 
In lifting the Conway tubes, each of the presses was supported 
upon a pair of double girders of cast-iron, marked o o in the 
figures, resting at the ends upon longitudiual girders, p p, 
built in the masonry. In liftiug the Britannia tubes, how- 
ever, wrought-iron girders are judiciously substituted for 
those of cast-iron. Each of these wrougnt-iron girders is 
composed of 12 plates of best iron, 2 feet in mdth and a 
full inch in thicknesB, firmly fastened toget\iet,^o ^iJ<a».\. ^i^ci'& 
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girder consists of a 
well-ffl»imected mass of 
wrought-iron, having » 
transverBe section 24 
incheB in depth and 12 
inches in width. At 
the en ds, these wrought- 
iron girders are sup- 
ported upon east-iron 
transTcrse girders, fiied 
upon benches formed in 
the masonry of the 
towers. 

The press conaista 
principally of four parta, 
viz., the cylinder q, the 
ram or piston, a, the 
pipe, B, by which the 
water is introdaced 
from the pumps, and 
the cross-head, t. The 
cylinder rests within a 
caat-iron jacket or cas- 
ing, uu, supported upon 
the transverse girders, 
o o, already described. 
The forcing of the water 
into the cylinder causes 
the ram to rise, forcing 
up with it the eross- 
head,T. Upon the cross- 
head twopaira of clamps, 
TT, are fised, which 
embrace the notched 
ends of the chain- 
linka, and are screwed 
up tightly against them 
with screws, x i. These 
eerews have cogged 
wheels, t, fitted to their 
ends, and an interme- 
diate pinion turned by 
a wincli, z, gives motion 
to the wbeela of the 
aZ 
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two screws. A similar arrangement of clamps and gearing is 
fixed below at ww. The action of the press is preserved in 
a true yertical direction by fixed guide-rods, ii, secured 
above to a cross-girder, q, and upon these rods the cross- 
head slides upward, as the action of the press continues. 

The chains here represented are evidently highly important 
members of the apparatus, as iwiy failure in them would, of 
course, involve the falling of the tube. Each set of links 
consists of eight and nine alternately, the eight being made 
somewhat thicker than the nine, so as to contain an equal 
total strength. Each link is 7 inches wide, about 1 inch 
thick, and exactly 6 feetinlengbh between the centres of the 
eyes at the ends. They are manufactured by a process, for 
which a patent was granted, October 6, 1845, to Mr. Thomas 
Howard, of the King and Queen Iron Works, Eotherhithe, 
and entitled "improvements in rolling iron bars for suspension 
bridges and other purposes." By these improvements 
wrought-iron bars are rolled with the ends or heads of in- 
creased breadth in one entire piece, and chains thus manu- 
factured are worthy of much greater confidence than those 
of which the links are made in separate bars and heads, and 
imited by the uncertain process of welding. Besides the 
application of these chains to the lifting of the -Conway and 
Britannia bridges, they are employed in the permanent con- 
struction of the large suspension bridge erected by Mr. 
W. T. Clarke over the Danube, at Pesth, and of the Eussian 
bridge at Kieff, now in course of erection by Mr. Vignoles. 

WATEE AS A. MOVING POWEE. 

196. The impulse of a current of water, and sometimes 
its weight and impulse jointly, are applied to give motion 
to machinery, as mUls for grinding com, and for innumerable 
other purposes. Commonly the impulse is applied obliquely 
to float-hoa/rda in a manner that may be at once compre- 
hended by reference to the following figure, which represents 

THE TTNDEBSHOT WHEEL. 

197. This wheel requires a stream of about 1 yard wide, 

and from 1^ to 2 feet deep, with a strong current to give 

it sufficient power to move the machineiy of an ordinary 

corD-mlB, the machinery of the mill being fixed to the wde 

of the wheel The float-boards of the ^hed, on which the 
water acta, are disposed around ita cuccxxniieteiitt^ ^\i «si 
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angle of about 30° with the radii. Fotwelei recommends the 

float-boards of the underehot 

wheel to be curved towards 

the direction of the current that 

the water may roll up their but- 

faces, afld expend all its power _ 

upon them; this arraogemeiit of Zjl ""^^^^^^^l^ 

the float-boards has been found "^^^^^M^^f^/L- 

by experiment to give the wheel ''S\ //AW ^^^^ 

nearly one-third more power 

than the ordinary form. 

THE OTXBSHOT WHEEL. 

19S. This wheel requires much less water to turn it than 
the undershot wheel. The water is conducted by a box or 
trough to the top of the 
wheel, as shown in the 
annexed figure, and falls 
into the buckets, which 
are fixed all round the 
rim of the wheel; the 
weight of the water ia 
these buckets makes the 
light hand side of the 
wheel to be heavier than 
the left hand side ; where 
the buckets, being turned 
upside down, are all 
empty, the wheel there- 
fore revolves in the direc- 
tion of the descending water. It will be seen the leverage 
of those buckets at the extreme right of the wheel is the 
greatest, and those towards the top of the wheel, receiving 
the impulse of the water, have also considerable leverage, 
whUe those towards the bottom of the wheel, becoming 
gradually empty, have the least leverage. 




THE BBHA.BT WHEEL. 

199. Where the fall of the water is too small for an 
overshot wheel, It is most advisable to employ a breast- 
wheel, which partakes somewhat of its ^toijec*J**\ ^"^ ^*»- 
float-hoards are formed like ttioae q^ *6fta Ms.iaT&>.*.-*«s^ 
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and someWliat assimilated to buckets. The water meets 
the wheel at about half, and sometimes at about a third of 
its height, the water being considerably confined in the 
buckets by means of an arched channel fitting moderately 
close, but not so as to produce unnecessary fiiction. The 
form of this wheel may be easily conceived fipom this 
description, in conjunction with the drawing of the under- 
shot wheel.' 

200. It has been found by experiment that a water-wheel 
performs the greatest quantity of work when the velocity of 
the water is 24 times that of the wheel, whence by Baker's 
Statics and Dynamics, Art. 259, the power of water (the 
velocity of which is given) strikiag the paddles or float- 
boards of wheel might be calculated; but the following 
method has been found in practice to be less compUcated : 
for when a body descends from a given height, it is capable 
of raising a boay of equal weight through the same height. 
Therefore, if water faU. upon a wheel, the quantity of work 
which it is capable of performing, abating friction, is equal 
to the product of the weight of the water, and the height 
through which it descends ; whether it falls upon the 
paddles of an undershot or a breast wheel, or into the buckets 
of an overshot wheel. 

201. Peop. — Given tJie hreadth a, and depth h, of a streamy 
its mean velocity v, in feet per minute, the height h, of the 
fall, and &= specific gravity of water ; it is required to deter- 
mine the horse power of the water-wheel, when the modulus of 
the machine is nth part of the work of the water, and tr = 
tmits of work in a horsepower. 

Water descending per miQute .... = ahv cubic feet. 

"Weight of water in the same time = abv alh. 

Hence work of water per minute. . = ahhv b. 

And the work of the wheel = nahhvB; 

__ nabhva 
A Horse-powers = . 



Ex. 1. — The breadth of a stream is 5 feet, depth =3 feet, 
mean velocity 20 feet per mmute, and height of the fall 
25 feet ; required the H-P of the water-wheel which performs 
I of the work of the water, that is, ^ of the work of the 
wheel is lost by friction ? 

■rr nahhvB 4x5x3x20x25x625 ,, , 
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Ex. 2. — The section of a stream is 4 feet by 3, the mean 
velocity of the water 20 feet per miQute, and the fall 30 feet; 
what is the H-P of the water-wheel, its modulus being |- ; 
and how many bushels of com will the wheel grind in a day 
of 14 hours, one H-P being able to grind a bushel of com 
per hour ? 

_ nahhv^ 4x4x3x20x30x625 .^,„ 
H..power=— ^ = 5^^^3000 = ^^^*- 

/. bushels ground per day = lO^— x 14 = 152^. 

Ex. 3. — The section of a stream, the mean velocity, and 
fall of the water are the same as in the last example ; how 
many cubic feet of water will the wheel raise to the height 
of 120 feet, the modulus of the machine being f of the work 
of the water ? 

Put H=the height to which the water is pumped; then. 
Work of the wheel per minute =: nahhv^ units, 

„ of pumping 1 cubic foot of water = h s „ 

. • . number oi cubic feet pumped per mm. = 



HS 



nalJiv 



H 

cubic feet. 



which in number gives 



fx4x 3x20x30 
120 



=40 
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202. The construction of this machine is shown in the 
annexed fig., where o d is a vertical axis, 
moving on a pivot at d, and carrying 
the upper millstone m, and passing 
through an opening in the lower mill- 
stone o. Upon this axis is fixed a vertical 
tube TT, communicating with a horizontal 
tube AB: near to the extremities of 
which are two apertures a, b, in opposite 
directions. "When water from the mill- 
stream, MN, is brought into the tube tt, 
it flows out of the apertures a, b, and 
by the reaction or counter-pressure of 
the issuing water the arm a b, and consequently the whole 
machine, is put in motion. 

Note. — ** In order to Tinderstaiid rciOTft c\«kc\^ V'cr^ *0s^ ^cs^sjJ^'s^ \^ 
produced, let us suppose both tVie a^«rWc«a \jci \i^^DN^vav^*<is^5^*^2^»fe 
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T T filled with water to. the top ; then the apertures a, b, which are 
shut up, will be pressed outwards by a force equal to the weight of a 
column of water whose height is T T, and whose area is the area of the 
apertures. Every part of the tube a b sustains a similar pressure, but 
as these pressures are balanced by equal and opposite pressures, the arm 
A B is at rest. (See Baker's Statics and Dynamics, WeaiU^s Series, Art. 197). 
By opening the aperture at a, however, the pressure at that place is 
removed, and consequently the arm is carried roimd by a pressure equal 
to that of a column T T acting upon an area equal to that of the apertui^p a. 
The same thing happens on the arm t b ; and these two pressures drive 
the arm a b round in the same direction. This apparatus may evidently 
be applied to drive any kind of machinery, by fixing a wheel or pulley 
upon the vertical axis c D.** — Grtgorjfs M&Siomics, 

MAEINB SOBBW-PEOPELLEES. 

203. Screw-propellers for navigation, by means of steam 
power, have now become objects of importance to all nations : 
they are especially applicable for vessels of war, the 
machinery for propulsion being without the reach of gun- 
shot. Screw-propellers, however variously they may be 
modified, all derive their power of propelling by beiQg placed 
on an axis which is parallel to the keel, and by naving 
threads or blades extending from the axis, which form 
segments of a helix or spiral, so that by causing the axis to 
revolve, the threads or blades worm their way through the 
water, much in the same way as a carpenter's screw inserts 




itself into a piece of wood ; with the difference, in the case 
of the screw-propeller, of its making the water recede. 
Screw-propelling is not of recent invention ; M, Duqtiet in 
1727, and Mr. Faucton in 1768, both produced machinery 
or this kind; other inventions followed until a recent date. 
When the ''Archimedes " waa firat triei io^nxtYva ^Y?«t 
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Thames in 1836, the shape of the screw was as represented 
in the woodcut, viz., a single thread of thin sheet iron, bent 
to fit sixteen wrought-iron arms fixed round the axis at 
equal distances so as to form a helix, or screw. This screw, 
fipom having only one thread of long pitch, viz., 46°, caused 
a great commotion in the water and a great deal of vibration 
in the stem of the vessel ; so that on reaching Sheerness, 
the vessel was laid ashore, and portions of the iron plate 
taken off" at equal intervals ; but tne effect was not improved. 
The form of the screw was then changed to a double one ; 
and, finally, a series of experiments was made under the 
joint superintendence of Mr. Smith and Mr. Lloyd, by order 
of the Admiralty, with three and four-bladed screws, which 
ended in the adoption of the two-hl&ded screw. These 
experiments were tried in H.M. vessels "Dwarf" and 
" Battler," after a speed had been produced in the " Dwarf" 
of 12i mUes per hour with Mr. Eennie's three-bladed 
conoidal screw of cast-iron ; being the greatest speed which 
had ever been obtained by the screw. The speed attained 
by the "Archimedes" was about nine knots per hour, 
which, taken as a first experiment, was a great performance. 
The "Archimedes" beat most of the fastest steamers then 
known, and made a voyage all round Great Britain, being a 
distance of 2096 nautical miles, in 237 hours 25 minutes, 
or nearly nine knots per hour the whole distance. The 
"Archimedes" afterwards went from Plymouth to Oporto 
in 69 hours, and returned from thence against strong head- 
winds and high seas in 88 hours, and the reports of some of 
the most eminent officers predicted all that has since been 
realised by the screw. 

The use of three and four blades for screw-propellers was 
commenced by Baron Seguin, in 1792 ; by Fidton, in 1794 ; 
by Cartwright, in 1798; and Shorter, in 1802. But the 
first useful experiment was that of Samuel Brown, the in- 
ventor of the gas- vacuum engiQe, who applied a two and four 
bladed propeller to a vessel of 60 feet in length, and actually 
obtained, by means of a gas engine, a speed on the Eiver 
Thames of from six to seven miles per hour. The success 
of the " Archimedes " led to the construction of the 
" Princess Eoyal " and the " Great Northern" passage vessel, 
and H.M. experimental vessels, "Bee" and "Rattler," 
the latter of which has been most successful, and has served 
as a model to most of the larger veaael^ ^Vjc^Rfe. \iss5^<^ \sfc^ss^ 
fitted with the screwa in "aM-. ^^icTVi«» % *0a^ ^^^^^^ ^ 
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which in merchant vessels has greatly facilitated extended 
commerce. The form generally adopted for screw-propeUers 
is as yet imperfect. 

The dimensions of the "Archimedes" were — 



Length 



125 feet. 



21 feet 10 inchr-s. 
232 tons. 
9i feet. 
143 feet. 

26 feet. 

80 horse. 



Breadth 

Burthen . • . . 

Mean draft . 

Area of midship section . 

Area of screw 

Power of engines . 

The dimensions of the screw were — 

Diameter, 5 ft. 9 in.l And made by means of 
Length, 4 ft. > two wheels and two 

Pitch, 8 ft. J pinions. 

Angle of screw, 45°. 

The dimensions of the "Mermaid" or "Dwarf" were — 

Length .... 130 feet. 

Breadth . . . . 16 feet 6 inches. 

Depth .... 9 feet. 

• Draft .... 6 feet 8 inches. 

Burthen . . . 164 tons. 

The propeller consisted of three blades, with variable 
curves, approximating from the angles of 27° to 30°, and 
advancing 7 feet 6 inches per revolution. The diameter 
was 5 feet 10 inches, and the number of revolutions 160 
per minute. 

MATJDSLAT's rEATHERESra SCREW. 

204. This screw is represented on the next page; the 
object sought to be obtained is, that the blades, whenever the 
vessel is put under canvas and the screw not required, should 
be placed in a direction parallel with the line of the keel, and 
BO lorm as it were a portion of the dead-wood, as they cause 
considerable obstruction, if they be allowed to remain fixed 
in their position, or even though they be disconnected from 
the engine and allowed to revolve. In auxiliary sailing 
vessels not fitted with a trunk or aperture for raising the 
screw out of the water, this is particularly valuable ; but it 
^^^ also be found useful in men-of-wai, \)y le^^^emn^ ^q 
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Ut. In position for vsecua propeller. 




2nd, In podition for sailvng wider canvaa cUone. 
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width of the trunk through which it hsa to rise, if this be 
desired ; aud also by the facility which it gives in emei^n- 
cies, for placing a veBsel quickly imder caavas, or under 
stetUD, without requiring the aid of the crew. 

205. "The Diameter of the Screw should in most cases be 
made as great aa the draught i^ water will admit, and for 
running in smooth water its upper edge need not be more 
than a few inches below the surface. In the case of sea- 
going vessels, it is preferable to keep it \\ or 2 feet below 
the mean surface of the water." 

206. The Area of the Screw. " By the area of the disk 
of the screw is understood the area of the circle described 
by its extreme diameter. When the area of the bladea is 
spoken o^ tbeir actual oblique surfece should always be 
qwcially distinguished from the plane projection of the 
resisting surface. This latter measurement, aa representing 
the actual amount of surface directly employed in the 
propulsion of the vessel, is probably the most important 
of these areas." — Jftirrat/ on the Marine Engine, in Weale'a 
Sudimentary Series, p. 127. 

207. Other patents were subsequently taken out, uid 




man^ experiments made. In 1838, Mj. Eticftsou obtained a 
patent for a propeller cooaisting of an. blades, a a a a a a, «e\, 
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at equal diatancea round a cylinder concentric with the aiia 
b : the hladea and arma were aegmenta of a acrew. 

THE TUBBINE. 

208. The horizontal irater-wheel, called the Turhme, ia 
among the most recently invented hydraulic machines, 
haying heen produced in a moat efficient form in 1827, by 
M. Foumeyron after a series of experiments commencing in 
1823, and it ia now much used in ^France, 6«rmany, and 
America. The water enters the centre of the wheel, and, 
diverging from thence in every direction, it then enters all 
the buckets simultaneoualy, and passes off at the external 
circumference of the wheel. The pressure with which the 
water acts upon the buckets of the revolring wheel ia in 




proportion to the vertical column of water, or height of the 
fall, and it ia conducted into theae buckets by fixed curved 
girders aecured upon the platform within the circle of the 
revolving part of the machme. The accompanying fig. repre- 
aenta the wheel of the turbine with itab-iatata^sA <»«iS.asii- 
ing curved girders. 
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The influx of the water is regulated by a hollow 
cylindrical sluice, to which stops are fixed, which act 
together between guides, and are raised or lowered by 
screws that communicate with a governor, so that the 
opening of the sluice may be enlarged or reduced in pro- 
portion to the required velocity of the wheel. Turbines 
maybe divided into high and low pressure machines. Hiffh- 
pressure turbines are 4tpted to kly countries, ^here llgh 
ialls of water may be commanded ; in these cases the height 
of the column of water will compensate for the smallness of 
its volume, reservoirs being provided to keep up a constant 
supply. The low-pressure turbines produce great effect 
with a head of water of only nine inches, and are suitable 
for situations in which a large bulk of water flows with 
little fall. The results of an investigation by MM. Arago^ 
JProny, and others, who were appointed by the French 
Academic des Sciences to report upon turbines, are as 
follows : (1.) That these wheels are applicable equally to 
great and to small falls of water. (2.) That they transmit 
a useful effect equal to from 70 to 78 per cent, of the 
absolute total moving force. (3.) That they wiU work at 
very different velocities, above or below that corresponding 
to the maximum effect, without the useful effect varying 
materially from that maximum. (4.) That they will work 
from one to two yards deep under water, without the 
proportion which the useful effect bears to the total force 
being sensibly diminished. (5.) In consequence of the last 
mentioned property, they utilise at all times the greatest 
possible proportion of power, as they may be placed below 
the lowest levels to which the water-surface sinks. 

In 1844 Mr, Boyden designed a turbine of 75 horse- 
power for the Appleton Company at Lowell, Massachusetts, 
containing many new features never before suggested : its 
success was remarkable for a first attempt on so difficult a 
subject. Soon after Mr. Boyden designed and superin- 
tended the construction of three others of 200 horse-power 
each for the same company; the experiments on which 
proved their useful effect to be above 80 per cent, of the 
power expended, or about 3 per cent, more than previous 
results. 

Figs. 1 and 2 represent a general plan and elevation of 
a turbine of 150 horse-power, constructed for the Lowell 
Company, from designa by Mr, J. B. JFranci«, and com- 
mumcated by him to Mr, Weale ; the Saam^tet oi >u!afe 
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, and opeiateB under a fall of water 

The following references apph/ to hothjigares: 

a, The maaouTj of the wheel-pit, fHCsd with large blocks of gronits 
backed with rubble masonry laid in hydraulic centeat. 

h. The Hheet-iron pipe conducting tha water to the turbine. 

c, The throttle-gate, to shut the water off from the turbine, either for 
euumnntion or repairB ; the apparatus for moving tbis gats is not 
represented. 

<f. The leai-boi: for the purpose of collecting the leakage of the throttle- 
gate, and for carrying it off in a pipe when repairs are required 
on the wheel, Ac. 




d. The cast-iron frammg supporting the upright and horizontal ehafls 

of the wheel. 

e. The suspension-boi, which is made to fit the corresponding parts of 

the upright shaft by a lining of soft metj, principally tin, which 
is melted and poured into the out«r sheU, tjie necks being in 
place. 

€. Thagimbal. 

/, Levers for moving the speed-sa.l«. 




g, Back for the Batno purpose. 

A, Pinion-shaft for tha purpoaa of moving the levers and rack. 

i, Wooden stayee of the diffueer. 

k. Circular iron beams, to which the BtavCB are fastened. 

I, The governor. 

», The ratchet-wheel, fast on the worm-Bhaft. 

n. The crajik canring the rocker. 

0, Connecting roil 

P, The rocker carrying the palla. 

r. The rod for moving the shield by the action of the governor. 

t. The shield : when tho governor is running at the speed intended, 
the shield protectsthe ratchet-wheel from the action of the palls : 
if the speed changea a small amount, only a few of the teeth of 
the ratchet-wheel are acted on at each vibration of the .rocker ; if 
there is a great variation of speed, a much greater number of the 
teeth of the ratchet-wheel are acted on at each vibration ; the 
number of teeth exposed to be acted on is proportional to the 
variation of the govemor-ballB from their normal poeitjon. 

: He worm driving the pinion-shaft. 
Tbe vonn-wheei fiatened on to tlie puuoii-B\iB&. 
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V, Brackets fastened to the speed-gate. 

w, The wheel, carrying the floats of Russia sheet-iron, about j-th of an 

inch thick, grooved, tenoned, and riveted into the upper and 

lower rings of the wheel. 
X, The speed-gate, 
y, The disc, carrying the guides or leading curves of Russia sheet-iron, 

about ^th of an inch thick, tenoned and riveted into the disc. 
z, The disc-pipe, supported by the adjusting screws at the top of the 

curb. 

A, The main shaft of the turbine. 

B, The step for steadying the bottom of the shaft, lined with case- 

hardened wrought iron ; the pin in the bottom of the shaft is of 
cast steel. 

C, The timber floor of the wheel-pit, covered with 3-inch planks. 

D, Cast-iron beams, to distribute the weight on the columns over the 

timber floor. 

E, Columns supporting the difluser beams k and the beams F. 

F, Beams supporting the curb or acting as braces from the sides of the 

wheel-pit. 

G, The lower curb, of cast-iron : the outer surface is turned cylindrical, 

for the purpose of receiving properly the packing of the speed- 
gate. 

H, The upper curb, also of cast-iron, about IJ inch thick. 

I, Weights counterbalancing the weight of the speed-gate. 

MOTION OP WATEB IN PIPES, ETC. 

209. To find the height to which the water will rise after 
any given strohe in the common pump, (fig. Art. 180.) 

Let the water, after a given number of strokes, rise to P, 
in the pipe A B, and after the next stroke let it rise to p ; 
(these points are not shown in the fig.) Put h = height of 
a column of water equivalent to the pressure of the air, 
ASi=af, AP = h, c =^ h — PB, and B p = a? ; also put 
k = area of a section of the pipe A B, and mk = area of a 
section of the barrel AS. Now, let the piston be at A, then 
the elasticity of the air A P, together with the weight of the 
column of water B P, is equal to the pressure of the air, or 
is = column of water of the height h ; hence 

elasticity of air in AP = column of water above P = {? ; 
let the water rise to^ aftqr the next stroke, then 
elasticity of air in Ap = column of water above pzzc — a. 

Now, the air which filled the space A P, before the rise of 
the piston, will expand, after its ascent, and occupy the 
space p S ; hence 

density of air in AP : density of air in^S : : space ^S : space AP. 

:: (5 — x\ fc'Jr<ww.fe\^iR.^ 
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But the density of the air is proportional to its elastic 
force; hence 

c — ic: c :: h : h — x •\- ma\ therefore 

he ^ (c — ai) (am + h — ai), whence 

a^ — (am -{- J-*-c)ir + <35cw = 0; 

whence the value of a? = rise of water due to one stroke, 
may be found. 

210. To find the velocity with which water is discharged 
from a reservoir of given height h, through a jpipe of given, 
length Z, and diameter d. 

The experiments and investigations of M. Poncelet are 
considered strictly accurate : the limits of this work do not 
admit of their insertion here ; the following is his formula 
for the velocity per second, all the dimensions being in feet. 



-«^^ 
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Ex. 1. — "Water is brought to supply IMentz from a reser- 
voir 65| feet in height, by pipes 9, 843 feet in length, and 
3^'\j inches in diameter ; required the velocity of the water 
per second. 

Eirst 3^%in.^' \2625 of a foot, and 65^ = 65-6 feet, then 

^ = ^^V^i:^5i;^=48V• ^3^3^g^^.^g^g =2 feet per 

second nearly. 

Ex. 2. — ^In the last example, how much water will be dis- 
charged in 24 hours ? 

The area of the section of the pipe = '7854 x (-2625)^ = 
•0541 square feet, the quantity of water per second = 
2 X -0541 = -1082 cubic feet, and 24 hours = 86400 seconds ; 
.'. the quantity of water brought by the pipe in 24 hours 
will be 

86400 X -1082 = 9348 J cubic feet. 

211. — To determine the mean velocity with which water 
run^ m rtvers and open canals. 
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The formula for this purpose is also derived from expe- 
riments, of which no less than 91 were made by Eytelwein 
on rivers and canals : the dimensions used by him are reduced 
to feet, and are the following : — 

c = wet contour, 

s = area of a section of the fluid, 

— = hydraulic mean depth, 

g = force of gravity, 

a = angle of inclination of surface of stream, 
and V = mean velocity j then 



t?=V 



(¥)^y •- sin. « 4- {ih-oY— ihn = ^^^ velocity in feet. 
c 

Note, — ^It has been proved that the greatest velocity is at the sur&ce 
in the middle of the stream ; from which it diminishes towards the 
bottom and sides, where the velocity is least. 
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212. The heat of the sun is continually raising the tem- 
perature of the atmosphere, thus makmg it capable of 
absorbing water from the immense surface of the oceans and 
seas that surroimd the earth. The water, thus raised, forms 
clouds at various elevations above the earth's surface. The 
sudden cooling of the atmosphere, either by cold currents or 
by meteoric changes, precipitates these clouds in the form of 
rain ; while the dews of night descend by the gradual 
cooling of the atmosphere, through the absence of the sun. 
The water, therefore, which thus falls, may.be considered 
as the measure of the sun's evaporating power. In the 
torrid zone the annual fall of rain and dew amounts, at a 
medium, to about 100 inches in depth, and at the northern 
border of the temperate zone, as at Archangel, the medium 
fall of water is about 20 inches in depth ; the mean of these 
depths is 60 inches, or 5 feet, which may be taken as the 
mean depth of water which descends upon the whole of the 
earth's surfaee. Now, if we take 9()0 feet ^a» ^^ -sassss^ 
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height from which this water fells in the form of rain and 
dew, there will result — 

The work of the water falling on one square mile of the 
earth's surface per minute, through the agency of the sun's 
evaporation in horse powers, that is, 

_ 27878-400 x 5 x 900 x 625 _ 

" 365 X 24 X 60 X 33000 "" ^^' 

See Baker^s Statics cmd Dynamics^ WeaWs Series, Arts. 
92 and 263. 

Hence, the work thus done on the whole surface of the 
globe, taking its diameter at 8,000 miles, will be 

H.P. = 8,000' X 3-1416 X 462 = 90,880,000,000. 

Now, taking the united powers of all the steam-engines 
in the British Isles to be 2^ millions of horse powers, and 
the united powers of all the steam-engihes in all the other 
states of the world to be 3i millions of horse powers, thus 
giving for the steam engines of the whole world 6 millions 
of horse powers, which it is presumed is not far jfrom the 
truth, at the present time (1851), we shall have the work 
due to the sun's evaporation somewhat more than 15,000 
times the work of all the steam-engines in the world, sup- 
posing them to work continuously day and night. This 
domparison shows how insignificant the most stupendous 
works of man are to those of his Ceeatoe. Though only a 
very trifling part of this vast power is available for the , 
purposes of moving machinery, yet it serves a still more 
important purpose in watering and invigorating the vegeta- 
tion on the surface of the earth, and in producing the 
countless small streams up to large rivers, which diversify 
and spread health throughout creation, as well as supply 
immense fertilities for inland navigation. Such is the stupen- 
dous and magnificent scale by which we must measure the 
mechanism of creation, and such the boundless power and 
beneficence of the Q-eeat Cbeatob. 

One of the immense results of the power of evaporation 
may here be given in the Work of the Great Fall or Cata/rcbci 
of the River Niagara, 

213, This river, which discharges all the water issuing 
Jh?m the great central chain of lakes in North America, falls 
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with astonislimg grandeur over a perpendicular rock 133 
feet in height, in one unbroken sheet ; the rapids above this 
fall extend several miles, making an addition of 200 feet to 
the height of the fall ; the whole height of the fall is there- 
fore 333 feet. It is calculated that 33 millions of tons of 
water are discharged, at an average, per hour by this fall ; 
hence the work of the water per minute may be readily 
determined in horse powers, that is 

33000000x2240x333 , 
^'^' 60x33000 "" 12,432,000. 

This river is therefore (see last Art.) capable of perform- 
ing more work than twice the work of aU the steam-engines 
in the whole world. 
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214. Assuming the average height of the rise of the 
tides in the Atlantic and Pacfflc oceans to be 20 feet, which is 
probably less than the true average, and the united length 
of the coasts of these two oceans (which may be said to 
extend from pole to pole) including their windings, to be 
100,000 miles, we shall thus have a body of water 100,000 
miles in length raised to the height of 20 feet, and of a 
breadth varying according to the widths of the respective 
oceans. This vast power is immensely greater thaii that 
which results from the sim's evaporation; (Art. 212) and 
is due to the joint attraction of the sun and moon. 
A very small portion of this immense power is used for 
mechanical purposes, on account of its being inconveniently 
situated for tnat purpose; besides, the shores of these 
oceans are exposed to tempests, which would in most cases 
greatly damage or entirely destroy any machinery, which 
might under other circumstances be conveniently moved by 
the tide. There are, however, a few ponds, which are filled 
by the tide in convenient situations, for moving the ma- 
chinery of com mills, &c. Yet the rise of the tide is of 
immense importance in aiding the purposes of navigation, 
by its repeated flow into numerous rivers, harbours, bays, 
creeks, &c., which would otherwise in many cases be almost 
useless for this purpose. Besides, the continued agitation 
of the oc^an by the tide diffuses the saline matter, derived 
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from some of the strata which forms part of its basin, 
equally throughout every part of its liquid mass ; thus main- 
taining ita waters in a perpetual state of salubrity, which 
would otherwise become stagnant, and in all probability so 
putrid as to be destructive to animal life. We may hence 
perceive another grand purpose of the Q-eeat Cbeatob 
carried out by the agency of the tide for the continued 
renovation of nature, and of far greater importance than its 
use as a moving power for machmery, which the ingenuity 
of man by the agency of steam can produce in localities more 
convenient for tJs several requirements. 



CHAPTER V. 



SELF-ACTINO LATHES FOR SLIDING, SCREWING, AND SURFACING; 
ALSO SELF-ACTING PLANING, SHAPING, SLOTTING, PUNCHING, 
AND SHEARING MACHINES. 

215. This chapter will be chiefly occupied bytheabove-named 
highly-esteemed and ingenious machmes of Messrs, Jbsemh 
Whitworih Sf Co. of Manchester ; most of which formed a 
conspicuous part in the Machinery Department of the Qreat 
JExhihition of 1851. The original drawings and descriptions 
were communicated by Messrs, W. Sf Co. to Mr, Weate. 

Foot Lathe for sliding, screwing, and surfacing. (Fig. 1.) 

A, Fast headstock with gearing. 

B, Moveable do. do. 

C, Centres. 

D, Bed and standards. 

E, Top slide-rest. 

F, Bottom do. 

G, Guide-screw. 
H, Change-wheels. 

J7 Driving-pulley and crank. 
K, Treadle-motion, with anti-friction chains. 
a, The band for transmlttiiig motion. 
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216. Self-acting Lathe, for sliding, screwing and surfacing, 
worked by power. (Fig. 2.) 

F, Bottom rest, provided with, 
a quick hand traverse. 

G, Guide-screw. 
H, Change-wheels. 
a, The cutting tooL 



A, Fast headstock. 

B, Moveable do. 

C, Centres. 

B, Bed and standards. 
E, Top slide-rest. 



217. Patent Self-acting Ihwlex Lathe, for sliding, screwing 
and surfiuring. The peculianV in tHs lathe consists in the 
employment of a cutting tool at the back of the lathe in 




Fig. 3.— End Elevation. 

addition and opposite to the tool in front, but in inverted 
positions to each other. The transverse forces are thus 
balanced, the work produced is more correct, and is accom- 
plished in less time than by the ordinary lathe. (Fig. 3.) 

a ^, Tool in front. 
a^, Inverted tool at back. 
D Bed and standard. 
E^, and E^, two compound slide-rests. 

F, A right and left screw for moving the two slide-rests, simulta- 
neously, to and from the centre of the lathe. 

The other parts of the lathe are the same as in the self- 
acting lathe^ see fig. 2. 
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218. Self-acting Fleming Machine^ for horizontal, vertical, 
and angular planing. (Side elevation, Fig. 4.) 

A, Bed and standards. 

B, Guide-screw. 

C, The table, having a nut (not shown) taking into the guide screw, 

by which it is moved along the bed. 

D, The driving apparatus, which by being at the end of the bed is 

out of the workman's way. 

E, Uprights. 

F, Cross-slide. 

G, Reversing tool to plane both ways. 

H, Two stops which can be fixed at any distance apart, according to 

the desired traverse of the table. 
J, Lever upon which the stops H act. 

K, Rod and strap lever, by which the driving strap is shifted from 

one pulley to another, and the direction in which the table o moves, 

is changed. 

L, Band-pulleys, which transmit the motion of the lever j to the 

reversing tool, at the same time as the strap is shifted, and 

the tool is thus made to turn at each end of the work. The 

band-pulleys also impart self-acting motions to the tool in 

the transverse, verticsd, and angular directions as required. 

Note. — The same general arrangement of machine, with 
a fixed tool, to plane only one way, and the driving apparatus 
D, constructed to give to the table a quick return motion, is 
sometimes made. The tables of machines, which do not 
plane above 2 feet long, are moved by a crank. 

219. Patent Universal Shaping Machine, particularly 
adapted for shaping levers, cranks, and connecting rodsy 
also for work in general. (Fig. 5.) 

A, Bed grooved on the front side. 

B, Two tables for holding the work, adjustable vertically or 

horizontally. 

C, Headstock, made, when necessary, to slide along the bed, a. 

D, Tool-slide, moves in a direction at right angles to the bed a. 

E, Tool-holder, fitted with a segment wheel and worm for planing 

hollow or internal curves. 

F, Spur-wheel and crank, which, as they revolve, give a reciprocating 

motion to the tool-slide, the extent of which is variable, being 
determined by the distance of the crank-pin from the centre 
of the crank. 

G, Central arbor, upon which is shaped circular work. 

H, Driving pulley on grooved shaft with pinion (not shown) taking 

into the wheel F. 
J, A screw of the length of the bed, taking into a nut on the imder 
side of the headstock c, by "whi<i\i'tti^\«it\KcSA\sisv^'6i *vi -osss^^ 
aJong the bed. 
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K', Batchet wheel en the end of the aorew. 

L, A abaft paaaiug through the bed, hitTing at the end, not exposed, 

a worm which takes into a worm-wheel on the central arbor G. 
K', Batchet-wheet on the end of the shaft L. 
M, A cam-wheel, which, at the return of the tool, actuates the 

ratchets s' and b}. 
a. The cutting tooL 

220. Larye Patent Slotting Machine. (Fig. 6.) 

A, Main &ame. 

B, Table for holding the woit 

C, Tool-slide, which in cutting mores slowly and uniformly down- 

wards, and quickly in returning therefrom. 

D, Guide-acrew, takes into a nut on the back of the triol-slide c. 
a, Beiil-wheel, keyed on end of guidescrew n. 

h c, Bevil pinions gearing in wheel a. 



Fig-e. 
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dif. Strap pulleys, d being connected with pinion 5, the other with 
pinion c, whilst the middle one, t, runs loosely. 

gr, A train of gearing which transmits motion from the pulley /, to 

the bevil pinion c. 
A, Strap lever apparatus. 

i i, Two stops, which can be fixed at any distance apart, according 
to the desired traverse of the tool-slide, c. 

k, Lever upon which the stops i i act 

1 1, Horizontal a^d vertical shafts for conveying motion from lever X;, 
to the strap lever apparatus h, whereby the direction of 
motion of the tool-slide c is changed; the motion thus 
derived is also conveyed simultaneously to the table b, 
whereby self-acting circular and transverse motions may be 
imparted to it. 

The smaller Patent Slotting Machines are fitted with an 
adjustable crank, and quick return motion similar to the 
Patent Universal Shaping Machine." 



(( 



Ptmching and Shearing Machine, (Pig. 7.) 

A, Main frame, made on the hollow principle. 

B, Vertical slide for punching, worked by eccentric and connecting 

rod not shown. 

C, Ditto, for shearing, worked in the same manner. 

D, Large wheel, keyed upon the eccentric shaft which passes through 

the frume (but is not shown). 

E, Fly-wheel. 

a, Strap pulleys — fast and loose. 
h, Bevil pinion gearing into wheel D. 

c. Cross shears for cutting off bars of any length. 

d, Is an incline bar worked by hand, for the purpose of lifting the 

punch without stopping the machme. 

In the smallest machines the punching and shearing are 
both arranged upon the same side. The driving gear of 
larger macfines is differently arranged to the above, but in 
other respects the same general arrangement prevails. 

221. La/rge Self-acting Surfacing and Screw-propeller 
Lathe, made for her Majesty's Dockyard, Woolwich, by 
Messrs, Francis Letois Sf Sons, Manchester. (Pigs. 8 and 9.) 

A, A strong cast-iron bed, planed 7 feet wide, and 20 feet long. ' 

B\ Fast headstock. 

B*, Moveable do. 
G C, Two carriages moveable longitudinal on bed having studs and 

pinions c c c to work in the rack D. 
E E, Two compoimd slide-rests. 
F F, Two large face-platea with es.\.emA\. -^V^^^ ^ 'Oda\5i^^«- 
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Q Q, Spindles, G> is hallow, and a moTsable cylinder fiHed tkerein, 
and is made to slide in and out by a acrew att&ched to the 
hand wheel h. 
E, Cone-strap pulley. 
I, Pinion driving the wheal J, which ie fixed on the longitudinal 

shafL 
K, So also ore the pinions L L, which drive the face-plate F ; these 
piniona are thrown in and out of gear, by levers projecting 
through the slots m m in the head stocks. 
0, Driving studs. 




The lathe vill admit propellers up to IS feet diameter, 
and will cut pitches varying from 8 feet to 20 feet. It ia 
shown as set for cutting a propeller ; the driving pulley beins 
placed on the longitu^al shafl; s, the motion is traoBmittM 
at one end to the face-plate, and simultaneouBly at the other 
to the elide rest. The change driving ehafla c, afford a ^«at 
variety of speeds, for ordinary boring and auifacing. It is 
TumecesBary to state that a pit is formed between the fast 
beadatock x, snd the bed-plate o. 
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222. Large iMlie for Twnvng Mailway wheels, cmd other 
hea/oy work, hy Messrs. Joseph Whitworth Sf Co, (^g. 10.) 

A, Heavy base-plate, extending throughout the length and breadth 
of lathe, planed and grooved on the upper side. 
B^ B', Standards for carrying headstocks, B^ being permanent, and b' 
moveable on the base plate, by means of the^rack and pinion. 
G>, Fast headstock. 

C^, Moveable headstock, the centre in which can be moved out any 
distance, as in an ordinary poppet-head. 
D D, Standards for carrying slide-rests. 
£ E, Compound slide-rests. 

F F, Two large face-plates, with external wheels at the back, 
a. Longitudinal shaft. 

J, Two pinioDB (one only shown,) keyed on shaft a, and gearing into 
the external wheels F F. 

c, Clutches for disconnecting the pinions from the external wheels. 

d, Spur gearing placed at the end of the lathe. 

e, The strap pulley. 

//, Apparatus for giving self-acting motion to the two compound 

slide-rests. 
g g. Represent the wheels to be turned on their axle. 



CHAPTER YI. 



MACHINES FOR CASDING, SPINNING, ETC. 
CARDING MACHINE (gLOBE WOEKS, EOCHDALE.) 

223. This figure presents a single wool-carding engine, 
lap-macliine, and self-acting feeder; the same, with con- 
denser attached, intended to produce a number of endless 
cardings and slubbings, and mspense with the use of the 
billy machine and the hand required to work it. 

Action of the Machine. — The wool is removed from the 
doffer of the first carding engine as usual, and is drawn by a 
pair of rollers fixed at the side of the frame through a 
revolving tube, which imparts an amount of false twist to the 
sliver, it is returned by a lower pair of rollers to the lap- 
machine in front of the engine, which is arranged to form a 
lap 16 inches in diameter and 4 inches wide. When, tha 
required length of sliver is wowndi 0Ti,ii<Q»\KcfeSs5^^«^^^'^ 



CAODING MACHINE. 
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ben ; and if not attended to, another movement doffs the 
lap, 80 as to ensure each one being the required length. 

These narrower laps are placed side by side upon rods, so 
as to form four rows, o, 5, c, d, each row being the whole 
width of the engine, which is turned off into the engine by 
the unlapping rollers «, f, g, h» Each sliver passes through 
a guide or reed as it enters the feeding roUers to keep it in 
its proper place. The quantily of sliver thus put up at the 
feeding end of the machme will last a whole day. Tne wool 
having passed through the engine, and being carded in the 
usual manner, is removed from the main cylinder by the 
condenser dotfers i, A?, which are provided with rings of cards, 
and alternate blank spaces, so that the wool which is lefb 
upon the cylinder by the top doffer is removed by the lower 
one. The stripper-rollers Z, w, take the bands oi wool from 
the doffers, after which they pass between the double endless 
twisting-straps n, o, in oraer to receive a degree of false 
twist, sufficient to enable them to carry forward to be spun. 
They then pass between the delivery-rollers o, q, to the 
bobbins r, s, on which they are lapped by the friction of 
contact with the drums t, u. 

When the bobbins are fitted they are removed direct to 
the mule to be spun, where they are unlapped in a similar 
manner by drums. . . 

The advantage of this system consists in a great economy 
of labour ; three operations being entirely dispensed with, 
viz., feeding, slubbing, and piercing. With the addition of 
the self-feeding condenser, yams are found to be more regular 
and level than those produced by the ordinary methods ; a 
greater quantity of work is turned off; the threads are 
more nappy or oozy, which increases the felting quality in 
milling, causes a firmer texture in the cloth, and a corre- 
spondmg ftdness of bottom and richness of appearance 
when finished, not attained by the methods formerly in use. 

Note. This machine was made and jointly invented by Mr. J. Mason, 
of the Qlohe Works, Rochdale. Its performance received high approba- 
tion at the Ghreat Exhibition of 1851. 

SPINNING MACHINE. 

224. This machine was improved by Mr. J. Mason of the 
Globe "Works, Sochdale, including Mason and Collier's 
patent collars or bearings for spindles, separating x^lafca^fe^B. 
(be stubbingB, and the break motvou iot x^^i^c^ ^^\,^^<^sga!^*^siR^ 
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mwhine. Thig improvement is accompKHhed by making ths 
collar in the lifting rail longier (shown, detached, in Fig. 2), 
and continuing it through the wheel B, and up the inside 




of the bobbin-barrel to the top of it, where the bearing of 
the barrel is ehonii at ^ Figs. 1 and 2. The collars are 
chambered inside, so that the spindle fits only their ends, 
and they are firmly screwed to the lifting rail, the wheels 
and bobbins runnmg loOBely around them, as represented. 
The separating plates £ prevent the broken threads becoming 
entangled with the other spindles. 

TLA^ MXCHUrBB. 

226. These machines were invented and patented by 
Mr. Sobert Plumber, of NewoaHle-wpon-fRme, mid their per- 
formance was highlyapprovedfltthoGreat Exhibition of 1851. 
They consist of the following, 1st, a Eotatory Disc Scutching 
Machine for flax, hemp, &c., with straw holders, and with 
ati^w to BCtttch ; 2nd, a Flax-breaking Machine, for flai- 
eiraw previoMB to being scutched; Sri, a ^ttv-CMttiii^ 
J^^bme for preparing flax for ttve C\dr&Bi "Hads;iB% 
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Uachine ; 4th, a Heckling Machine for dresabg fi&x, hemp, 
Ac., with flax-holders. 

Fig. 1 represents the metal disc for scutching flax, with 
the hnisheB fitted to it. 




Fis. 2 repreBeats e 
Scutdiing-mill. 



i front elevation of the Eotatory Disc 
a an axlo having its bearings in an inde- 
pendent framing of metal, the upper portion being made 
open ; the nietal pieces m m at the front end, being secured 
by bolts, can be readily removed for the purpose of changing 




the bruahea of the disca. The framinf; is stitFened by cross- 
piecea n,n; by the pulleys b b a totatoi^ ms:ictfKi.Si\so-'ff*si^«Si. 
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the axles. The top 4 of the Bcutchiug-board h ii 

FlB-S. 




a little above the centre of the axle a. The heckle, or comb, 
is eompoeed of Bteel wire. 
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Fig. S ia a front, and Fig. 4 la a Bide eleyation of an 
improved Elax-bre&king Machine. The letters b, c, and d 
are placed upon the grooved metal rollers, to which the flax 
is presented, and afterwards goes out, aa seen ia Fig. 1, by 
the direction of the arrows. 

Figa. 5 and 6 represent a aide and end elevatioD of the 
Double Cylinder Heckling Machine, adapted to dressing 
cut or short flax, in which elastic brushes are combined with 
rigid heckles. There are two revolving cylindera y J', 
mounted in a frame-work a, a; in their circumferencea are 
sets of rigid heckles e, intermixed with the aeta of elastic 
brushes c, c (in any way that may be deemed moat advisable.) 
The cylinders 6', 6', are also made to revolve in oppoaito- 
directions, and the rows of brushes and heckles on one 




cylinder are placed in alternating order in regard to those 
on the other cylinder, as before described. There are also 
loose stripping bars with guards, that, besides regulating 
the depth to which the heckles or brushes shall penetrate, 
doff, or throw down the tow from the brashes and heckles, 
and two small cylinders b", b", which are fltted with brushea 
for cleansing the working brushes and heckles e, e. 

One of the cylinders J' may, if required, be n^de to oscil- 
late b/ means of the link ft&,vlu.c\i,w^*(.'nsHW«3AS:^iib'<«'<i>^ 
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the lifter to vhich it ie attached, moTes the crlitider in a 
horizontal direction to and from the other cyunder; the 
bearingB of the oaciUating cyhnder are made to sUde, and 
attached by a rod to the radiua arm by which the wheels i", 
V ffi', and n' are kept in gear so as to answer the varying 
position of the oscillating cylinder. Motion is given to the 
rotating parts of the maclune as in the one first described, 
but the holder is made to traverse or move forward in the 
trough, (which movement may also be applied to the brushing 




machine) by the combination of a bell-crank movement with 
the rising and fidliii^ motion of the trough, as will be here- 
after described. The mechanism for lifting the trough h is 
shown in fig. 6, and consists of a combination of pinions, 
wheels, camb, straps, pulleys and levers, such as are 
ordinarily used in heckling machines, and consequently well 
known. When the trough is raised, it puahea up a rod 
f , which is connected to the long arm of the bell-crank y, 
mounted on a standard fixed to the top of the framework a, 
when a weight w, which is attached to the opposite end of 
the arm, falls over, and causes the short arm of the bell- 
erank to pull in a rod z, which draws forward a finger-bar ir* 
of the ordinary construction, to au extent sufficient to 
advance the holder the breadtk ot one w^ kJL \wftVie* on 
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brushes. The tow and shive or dirt, thrown down from 
the heckles or brushes, are in this case received upon an 
endless chain of bars i^, t, ixkstead of the inclined grating 
represented in the machine first described, bars of which 
extend the whole length of the machine under the heckles 
and brushes, and §re connected together by two side bands. 
The chain ofbararevolTes round Wo friction pulleys v,v, and 
takes into two pinions u,u; by means of which rotation is 
given to the chain fh»n the same first mover by which the 
other parts of the maclune are put in motion. The shive or 
dirt falls through between the bars upon the floor« while the 
tow is carried forward on the top of the bars, and delivered 
into the trough t'c To separate tow defied &om each set of 
heckles or brushes^ the spa^e between the endless chain of 
bars and the cylinders is divided by partitions into as many 
compartments as there are sets of heckles or brushes, (see 
Pig. 1), and the receiving trough t' is also divided into a 
corresponding number of compartments. 

A cross-section of the holder of this machine is given in 





Fig. 7, and a longitudinal section in Pig. 8. It consists of 
two plates 1 and 2, .connected transversely by a screw-bolt s, 
and having flanges A, A at their upper edges, by means of 
which they are supported in the trough jp, Pig. 6. The 
plate 2 has two flanges b, b, one at each end, which come 
within the two flanges a, a, of the plate 1, and thereby confine 
the streak at the edges. The inner face of the plate 2 is 
planed perfectly true, and covered with felt, cloth, or some 
other soft or yielding material ; but the plate 1 is formed 
on its inner face with flat beads, and flat grooves in alternate 
order, as shown in Pig. 7, so that the streak of flax or other 
material may be more firmly compressed between the plates 
without being unduly crimped. At their under edges the 

Slates are chamfered off to admit the holder to come lower 
own. By this mode of construction, the pins or atuds^ 
ordinarily made use of to coi^fixi<d \5ci^ Qv>J;fex^ ^^•(^'^ ^^*^^ 
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Btreaks, are dispensed with, and a greater breadth is 
obtained on vbicli to spread the Btreaka, and the holder is 
also narrowed and rendered more eaaj to work. 

FAIBBAIBK'b fATBHT BITETIirQ UACHITTE. 

226 In this machine, for riretiug boilers and other 
TTio light-iron yessels, the moving slide and die are worked 
by a revolving oamb upon an elbow joint, which gives a 
variable motion, and exerts the-greatest force at the closing 
of the joint and the flniahing of the rivet. The following 
figure represents this machine. 

B is the boiler to be riveted, suspended by a hook which 
con be raised or lowered ; A, a large stem of malleable iron. 




firmly fixed in an iron frame r, which makes the whole 

perfectly safe in the case of the dies coming in eon- 

tact with a cold rivet, or any other hard substance. is 

the slide mored by the camb ■, mt^ua e^lis «t6 three dies 

'^rroaponding with othera in the atem fc- "B^ "mko* *i» 
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centre die every description of flat or circular work can be 
riveted, and by selecting those on the sides it will rivet the 
comers, and tnus complete vessels of almost every descrip- 
tion. This machine is of a portable form, and can be moved 
on raQs to suit the article suspended from the hook. This 
machine Axes in the firmest manner, and completes 8 rivets 
of |-inch diameter in a minute, with the attendance of two 
men and two boys ; whereas the average work that can be 
done by two riveters, with one "holder on" and a boy, is 
40 f -inch rivets per hour ; the quantity done in the two 
cases being in the proportion o£ 40 to 480, or as 1 to 12, 
exclusive of the saving of one man's labour. The cylinder of 
an ordinary locomotive-engine boiler, 8i feet long and 3 feet 
diameter, can be riveted and the plates fitted completely bv 
the machine in four hours ; while, to execute the same work 
by hand, would require, with an extra man, twenty hours. 
The work produced by the machine is likewise of a superior 
kind to that made in the ordinary manner, the rivets being 
found stronger and the boilers more free from leakage. The 
riveting is performed without noise, and thus is almost 
entirely removed the constant deafening clamour of the 
boiler-maker's hammer. 



CHAPTEE Vn, 
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227. The means by which steam produces mechanical 
action is almost invariably a piston, moveable in a hollow 
cylinder. The piston is a solid plug or disc, fitting the 
interior of the c^inder so exactly, L to prevent the Iteam 
from pdssing from the one side of it to the other ; the piston 
having, at the same time, sufficient freedom of motion to 
allow it to play up and down in the cylinder, without any 
considerable loss of force from friction. The ends of the 
cylinder are closed by strong discs; one of which is cast 
with the cylinder, ana forms part of it ; the other, usually 
called the cap, is attached to the cylinder by screws and 
nuts, and so exactly fitted as to preveiA tV^tb «?^<5»j^ ^^ ^^'^^^ 
steam at the joints. Small apertwt^^ «Kft Y^otA^^ ^^^q:. 
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end of the cylinderyfurmshed with stoppers, called valves, by 
which the steam may be admitted, or allowed to escape, at 
pleasure. Now, it will be readily perceived that if a strong 
oarrent of steam be admitted at one end of the Gjlinder^ it 
will drive the piston to the other end ; and if a current of 
steam be admitted at the other end, that which had been. 

Ereviouslj admitted being allowed to escape^ the pistooa wilt 
e driven back again* This operation being oontmued, the 
^ton will be alternately driven backward and finrward 
within the cvlinder, for any required length of time ; add 
the force with which this is produced will depend on the 
force of the steam. 

To give the action thus produced a mechanical efied^ an 
appoidage, called the pisttrntrodj is firmly fixed into th& 
nutted the piston, f bia rod U tamed exactly drcnlar, 
and passes through a oireular hole in the centre of the cap 
of the cylinder,— the hole being made to fit the rod so 
exactly, as not to let the steam escape, and to move, at the 
same time, so freely, as to require very little power to 
urge it. 

It will be easily understood that, to attain this objeot, 
very great nrecision of form is necessary in the internal 
surface of the cylinder, and in the piston and its rod. The 
cylinder is made of cast-iron, but the internal surface of it, 
after being cast, is reduced to a perfectly cylindrical form, 
by a boring machine. (Art. 217.) The piston, which is flat 
at either side, and circular at its edge, to correspond with 
the cylinder, is made to fit the cyunder in steam-tight 
contact, and, at the same time, to move freely, by a variety 
of contrivances, which are minutely described in the Third 
Udition of Tredgold on the Steam-Mngi/ne, The hole through 
which the piston-rod plays in the cap of the cylinder, is 
surrounded Dy a packing of hemp, soaked in oil and tallow, 
which is pressed against the sides of the piston-rod ; and in 
this way, whilst the motion is firee, no steam escapes. The 
piston-rod thus partakes of the alternate motion whieh the 
piston itself receives, and conveys this motion to anv object 
outside, with which it may be connected. This alternate 
motion, backwards and forwards, in a straight line, may be 
converted into any other kind of motion, by an infinite 
variety of mechanical contrivances, for the most important 
of which see Articles 143, 150, 159> 160, and 161. Various 
other important appendages of tte etettcci-eti^m^ have been 
slreadjr described m Articles 144, 14S, \4fi, wi^ Wl , %a 
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regulators of its motion ; snd in thia 
pl&ce it will be proper to describe the 
loUoiritig additioiial appendfiget of 
tbia important machine. 



228. This ioBtniment i> Bfaown in 
&e annexed fienre. o is s tube, 
leading from that part of tite boiler 
within which steam is contained ; D 
a stop-cock, to open or close the 
communication at pleasure ; K 6 m a 
siphon tube of iron, which extends 
to a height gnfficientlf great for a 
column of mercury, representing the 
pressure of steam in the boiler. At 
K and n are two smell apertures, 
Mopped by screws, which can be 
opened or closed at pleasure. The 
tube is filled through an opening at 
B, until the mercury shall flow through 
the holes at u and m. The opening | 
B u and «t are then closed, a small 
quantity of water haying preTiously 
been let in at b, on the surlacs of the 
mercury at M. A float is placed on the 
top of the mercury in the longer teg 
of^the siphon, &om which a string is 
curled over the pulley p, to 'wmch 
a small index b is attached, which 
points to the diviBions on a scale. 
Now, let the stop-cock be opened, 
Mid steam wiU flow irom the boiler, 
and press upon the fluid in o ; and 
ilie oolnmn of mercury in the leg u b 
will be pressed down to some point, 
RB m, and the column in the longer 
leg of the siphon will be raised to a 
point X, as much above n as ir in 
the shorter leg fs below v. As the 
mercury in the longer leg rises, \t 
•rill raise the float, the ootmter^iM ot 
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which, e, will of course descend ; and the scale is ho adjuBted 
that it indicates the height of the column of mercury from it 
in the shorter leg to « in the l<niger leg, which column 
balances the preasure of steam in the boUer, or, more 
correctly Breaking, it balfloces the excess of the pressure of 
the steam ui the boiler, abo7e that of the atmosphere ; in 
&ct, the atmosphere, pressing through the open mouth of 
the tube upon the mercury in the longer leg, combines with 
the column of mercurr sx m. balancing the presBure^ of 
steam in the boiler. I^ then, two inches of mercoiy be 
taken to express a pound per square inch, to which it ia 
very nearly equal, such gau^e will at once indicate the 
number of pounds per square inch by which the pressure of 
the steam in the boiler exceeds that of the atmosphere. 

JUEBCrBIAL BTBAM-QAiraB EOB HISB- 



229. In high-pressure boilers, a mercurial 
gauge of the form shown in the preceding fig. 
woidd be inconvenient, owing to the great 
height of the column of mercury which would 
be necessary. In this case a gauge of another 
form is made uae of, an example of which is 
shown in the annexed figure. Let i. B be a cio- 
tern of mercury ; let ^be a glass tube, open 
at the lower end and closed at the upper end, 
immersed in the mercuiy, and containing air 
in its ordinary state. When the stop-cock d ia 
open, the steam from the boiler rushes through 
the passage o, and, pressing on the mercury in 
the cistern, will raise a column of mercurr in 
the tube, br which the air in the tube wiU be 
compreBsed. "When the air is compressed into 
half its original bulk, its pressure will be 
doubled; when it is compressed into one-third, 
its pressure will he increased in a three-fold pro- 
portion, and so on. The pressure of the ateam, 
therefore, will be measured by the space into 
which it is able to compress the air in the tube. 
When great accuracy ia required, a alieht oo^ 
rection will hare to oe made for the column of 
mercury sustained, in Voe tobe, \ & lb. ^er 
sguare inch being ft&^eA. Vi 'Ooa -^icwEvo^ 
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indicated by the compression of the air for every inch 
of mercury sustained in the tube. There are other 
gauges appended to the steam-engine, as the barometer- 
gauge, the siphon barometer-gauge, and the glass water- 
gauge, which are minutely described in the Third Edition oj 
Tredgold(yn the Steam-Enaine, — their principle being yery 
nearly the same as those already described. 

watt's indicatob. 

230. Fig. 1 represents a front view in section, and 
£g. 2 a side elevation of this instrument. The rod at- 
tached to the piston plays 



Fig.l. 



Fig. 2. 



through a collar at a. At t 
is a pencil-holder. At 9 is 
a screw, by which the instru- 
ment is inserted in a hole 
provided for it in the top of 
the cylinder. At c? is a stop- 
cock, by which a communica- 
tion may be opened or shut 
at pleasure between the indi- 
cator and the cylinder. The 
piston-rod of the indicator is 
surrounded bya spiral spring, 
the lower exlremity of which 
is attached to the piston and 
the upper extremity to a fixed 
piece a, containing the hole 
through which the piston-rod 
plays. When the piston rises, 
W spring is compressed ; 
and when it falls, the spring 
is extended. The spring is 
in equilibrio when the piston 
is at the middle of the cylin- 
der, and the space through which it rises and falls is, 
from the known properties of this species of spring, 
proportional to the force which presses the piston upwards 
or downwards. When both extremities or the cylinder 
are open to the atmosphere, the spring is at rest, and 
the piston in the middle of the cylinder ; but when steam 
is allowed to pass from the cylinder to the indicator^ b-^ 
opening the stop-cock d^ audi fttewccL 'wJ!^ ^x^'es^^^^^^^ 
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upwards, and compress tlie spring with a force equal to tli& 
excess* of the pressure of the steam above that of the 
atmosphere. When, on the other hand, a vacuum is pro- 
duced in the cylinder bj the condensation of the steam, the 
same vacuum will be produced under the piston in tibe 
indicator, and the j^ston will be forced downwards hj the 
excess of the pressure of the atmosphere above that of the 
uncondensed vapour in the cylinder. 

'^ If an index were placed near the extremity of the piston* 
rod ty the pencil, ascending and descending on this index, 
would indicate by the space through which it would ascend 
the excess of the pressure of the steam over that of the atmo- 
sphere, and by the space through which it would descend, the 
excess of the pressure of the atmosphere over that of the 
uncondensed vapour. Both spaces added together, or the 
entire play of the piston, would, therefore, indicate the 
excess of the pressure of the steam above the pressure of 
the uncondensed vapour which resists it, and would, there- 
fore, indicate the effective force of the piston, exclusive of 
friction. 

'^ But as the piston of the indicator would be in rapid and 
continued motion, it would not be easy to observe and 
record the limits of its play, and still more difficult to note 
the rapidity of its motion. An ingenious expedient waa 
therefore contrived to enable the engine itself to record these 
effects, which converted the indicator into a self-registering 
instrument. A small square frame a b was constructed, the 
breadth of which was somewhat greater than the extreme 
play of the piston of the indicator. In it was placed a card, 
capable of sliding in a horizontal direction in grooves: a 
string e was fastened to the side of the card, and, pasains 
under a pulley, was carried upwards towards h, and attached 
to some part of the machinery which rises and falls with the 
piston of the engine. Another string j^ was attached to the 
other side of the card, and carried over a pulley and fixed to 
a small weight w. When the piston rises, the string e is 
drawn to the left, the card drawn in the same direction, and 
the weight w rises. When the piston falls, the weight w, 
acting on the string^) draws the card to the right ; thus, as 
the piston rises and MLs, the card is drawn alternately 
through a certain space left and right. Now, suppose the 
steam to he admitted above the piston, to press it down, this 
stream presses the indicator of the piston, m^, taidthe pencil 
K pasaing on the card, would, if t\ie c«i9L^et^ «fc Te%\>)T&K^ 
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upon it a straight line, tlie length of which will indicSito the 
pressure of the steam ; but as the card is drawn from left 
to right while the piston falls, the pencil will describe upon 
it a curre (as in fig. 1), b^ the combined effects of the 
vertical motion of the pencil and the horizontal motion of 
the card. When the piston has reached the bottom of the 
cylinder, and the upper exhausting valve is opened, a vacuum 
is produced in the cylinder, which vacuum extends to the 
indicator, the piston of which, therefore, descends, tibe pencil 
t descending at the same time and at the same rate» While 
this takes place the card is moved from right to left, and a 
correspondm^ curve is described by the pencil, the curvation 
of which will mdicate the suddenness with which the vacuum 
is produced, as well as its degree of perfection^ From what 
has been stated, it will appear that in a single ascent and 
descent of the piston, or in one stroke, as it is called, a curve 
will be formed on the card, which will exhibit not only the 
entire effect of the steam acting on one side against the 
uncondensed vapour on the other, but will show the entire 
character of its progressive action at every point of the 
stroke." 

There are various other arrangements in mechanism for 
regulating motion appended to the steam-engine, as the 
governor, safety-valves, Ac, already described in articles 
144, 145, 146, and 147, which, with those described in the 
following articles, render this important machine completely 
self-acting. 

BOILEBS AND THEIB APFUfTDAGES. 

231. The cross section of a waggon boiler is shown in 
fig. 1, and the longitudinal section of the same boiler is 
shown in fig. 2. The same letters refer to the correspond- 
ing parts in the two figures ; " a is the grate supporting l^e 
burning fuel ; b and V represent the flue which encompasses 
the boiler ; e, e are the gauge-cocks ; a is the steam-pipe 
which leads from the boiler to the cylinder; yjp is the 
safety-valve, the pressure upon which may be regmated by 
the sliding-weight y, the lever gp being fixed on a pivot 
at f>. The spindle of the valve is attached to it at «; A is a 
fork to keep the lever gp in its position. The weight g 
produces an effect at % wnich is in the proportion of gp to 
ip : thus, if gp be three times i p, tlaieoL \ftVQ^» ^s<as»^«ssS5is^ \is* 
f will produce a pressure ot ^x\^ •=.^^'«.* "«i^ ^'^ "^^^^ 



178 . TH2 STBAM-EMOIKt. 

opening which appears immediately above the Talve is the 
end of a diacharge-pipe for conducting away the steam wHch 
escapes from the safety-yalTe. When the preeaure of the 
steam in the boiler exceeds the pressure produced by the 
weight on the safety-Talve, the latter will he raised, steam 
will escape around it, 
and is^ue thruugh the 
waste pipe. Sometimes 
this steam is allowed to 
escapo into the atmo- 
sphere, and sometimes 
it is conducted into the 
cistern of water by which 
the boiler is supplied, 
where it is condensed, 
and has tbe effect of 
raising the temperature 
of the water. By this 
means a portion of the 
heat, which would other- 
wiee hare been wasted, 
is carried back to the 
boiler. The mteraal 
safety-valve la repre- 
sented at xy z. Thid 
valve presses at nwithm 
the boiler, and is drawn 
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up _ into its seat by the end of the lever « ; j is the pivot 
which Bupporta the lever, and a weight Buapended at x 
draws it upwards. "When a vacuum is produced in the boiler 
by the condensation of the steam, the preeeure of the 
external atmosphere forces the valve n 
Fig.2. open, and the air enters and fills the 

boiler." 



THE SELr-ACTUro FEEDTSO APPAEATrS. 

232. This iB shown a.twuvk;"a tube 
I is attached to the top of the boiler, and 
descends within it to a point below the 
level at vfhich the water should stand. 
The pressure of the stenm within the 
boiler, acting upon the water, supports a. 
column of water in the tube I ; on the 
Burfnee of this water at o rests a float, 
attached to a chain j, which 
passes over two pulleys 
shown in fig. 1, and n hich, 
descending irom the second 
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pulley, 18 attaohed to a rod r, "vrhicli supports the damper. 
This chain, as it rises »id falls, raises and lowers the damper, 
and opens or closes, morid or less, the flue across which liie 
damper passes. — When the pressure of the steam within 
the boiler is unduly augmented, the column of water it sup- 
ports in I rises ; with it rises the float o, and consequently 
the damper r fails, contracts the flue, diminishes the drafi;, 
mitigates the heat of the furnace, and thus lessens the 
evaporation in the boiler. "When, on the other hand, the 
evaporation in the boiler does not proceed fast enough, the 
pressure of the steam in it is unduly diminished, and the 
column of water it supports in the tube I is lowered ; the 
£oat falls, and the dfmiper r rises ; the opening of the flue 
is enlarged, the draft increased, the furnace acquires addi- 
tional heat, thus augmenting the evaporation. In this 
manner the varying demands of the engine on the boiler are 
supplied by the varying power of the mmace — the wants of 
the engine producing the requisite effect on the boiler." 
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233. " The float m, fig. 2, rests on the surface of the water 
within the boiler ; a wire attached to it passes, steam-tight, 
through a collar in the top of the boHer, and is fastened to 
the end i? of a lever, which is balanced by a weight w at the 
opposite end; a rod is attached n,t u to the lever, which 
descends to the bottom of the small hole in the hot water 
cistern ^, and is attached to a valve at the bottom of this 
cistern, which opens upwards. When u rises, this valve is 
opened; when it is pressed down, the valve is closed. 
Gme cistern k is supplied by a small pump, called the hot 
water pump, which draws water from a reservoir receiving 
the dim^harge from the condenser of the engine, as thrown 
out by the air-pump. — ^This water is thus pumped by the 
engine itself into the cistern ^, and a waste-pipe is provided 
for the discharge of so much of it as is not consumed by the 
boiler. — "When the water in the boiler begins to be ex- 
hausted, the level falls, and with it the float m ; this draws 
down the end v of the lever, and raises u, by which the 
valve is opened, and the water from the cistern k allowed 
to descend by the tube I; and this continues until the level 
of the water in the boiler is raised to the proper point ; the 
float m is raised with it, and the end v of the lever also 
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riuaed, a&d the valve o cloeed." In this numner the vsXet 
in the boiler is always soBtftined ftt a ;^rc^>er heieht. 

" All these arrangements will be still more clearly iindep- 
stood by means of the following figure, which repreHonta 
the wB^on boiler with all its appendages in pergpec1iT«. 
The grate and a part of the fines are made risible t^ the 
remoral of a portion of the masonry in which the boiler is 
set. The interior of the boOer is also shown by cutting off 
— e half of ita roof." 




234, The Slide-Vakei. — " In the following figures, page 
182, are represented the most usual forma of ^id^Tslres. 

IHg. 1 represents in section the cylinder, pistcm, and slide: 
B ia the mouth of the steam-pipe coming m>m the boiler; 
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« is the pipe leadii^ to the condenBer ; t is the rod which is 
attached to the shde, moving through & stuffing-box «t ». 
This slide ia repreeeuted in longitndmal Bection, separately, 
in fig. 8, and in transverse section in fig. 4. In the poaitioa 
of the Blide represented in fig. 1, the steam pasBing irom the 
boiler enters at a, and passes to the bottom of the cylinder 
through the opening b, and acts below the piston, causing it 




to ascend. The steam v^hich waa above the piston escapes 
through the opening at a, and descending through & longi- 
tudiisal opening in the slide behind the mouth of the steam 

jpj/w^ Sa<£ its way to the pipe e, ani t\iro\\^l\ that to the 

condeaaer. 
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When the piston has reached the top of the cylinder, the 
slide will have been moved to the position represented in 
fig. 2. G^ie steam now entering at s passes through the 
opening a into the cylinder above the piston, while the 
steam which was below it escapes through the opening h and 
the pipe e to the condenser. 

The form of the valve from which it derives its name of 
D-valve is represented in fig. 4. The longitudinal opening 
through which the steam descends then appears in section of 
a semicircular form. G^ie packing at the back of the slide 
is represented at k ; this is pressed against the surface of the 
valve-box. 

235. The general arrangement of the several parts of the 
steam-engine already described in Articles 143, 144, 145, 
146, 147, 150, 159, 160, 227, 228, 229, 230, 231, 232, 238, 
and 234, so as to constitute the double-acting stationary 
engine, as constructed by Messrs, Fairlai/rn and Co., of 
Manchester^ and generally used in manufactories, is fully 
described in Lardf\er^s Mudimentary Treatise on the Steam 
Engine, Weale^s Series, — The Cornish Pumping-engine and 
the High-pressure Engine^ are described in W, "PoWs works 
on those subjects. — See also the Budimentarg Treatise on the 
Marine Engine, hy B, Murray, C.E., Weale^s Series, and 
J. SewelVs Rudimentary Treatise on the Locomotive Engine 
in the same Series, The object of this work being chiefly to 
treat of the purely mechanical arrangements of the several 
appendages of this important machine, without entering 
into the details of the chemical properties of steam, which 
will be found amply discussed in the works, above referred 
to ; and, to concluae this chapter, two steam-engines of a 
novel, ingenious, and economical construction, shall be 
described, which received high approbation at the Ghreat 
Exhibition of 1851. (See pages 184, 185, 186.) 

OSCILLATING ENGINE. 

236. This enginiB is chiefly indebted to Mr. Penn for its 
•elegant simplicity and its present perfection of workman- 
ship and arrangement. It need hardly be explained that 
this engine derives its name from its cyhnders " oscillating" 
upon hollow axes or trunnions, through which the steam is 
admitted to, and withdrawn from, the cylinders ; the piston- 
xod by this me^s accommodates itself to the motion of the 
crank without the parallel motion \s^\ss% t^q^^^» '^l^^ 
conBtraction has now been -pro^ei «i» vg^o.-^^^ *^ ^^y^'ssi. 
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ete&mers as to smell boats on rivers ; it also appears to be 
well adapted for driving the screw-propeller; and an 
account ot the small space that its machineiy occupies it is 
frequently made portable for agricultural and TEirioas other 

Tbe annexed figure shows an engine of this kind, in wbicb 
the nmnber of working parts are greatly reduced when 
compared with the engines just descmied ; thus rendering it 




very simple and less liable to get out of repair. It is well 
adapted for working threshing machines, saw-mills, com- 
milb, Ac. The power may be communicated by a leather 
band over a pulley fixed on the axle <^ the fly-wheel, or by 
means of a spur-wheel and pinion. Here p is the piston, 
acting on the crank which is fixed to the axle of the fiv- 
wheef ; e the oscillating cylinder, to which the steam u 
admitted through the hollow axle a, and withdrawn through 
a gimilar hollow axle at the opposite side of the cylinder. 
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All modem marine esginea hteva double oyliadei*, wting 
upon crauka which aie inclined to one anotlier. This ia 
necessary for the purpose of pasBing the axle of the paddle> 
wheels or screw-ahafi; over the dead points, as the fly-wheel 
in enginea of this kind ia inadmissible. 



237. The principal advantages of this engine are its great 
aimplicity and economy of fuel. The cylinder is inverted, 
and oBcillates on its trunnions after the manner of a pendu- 
lum, and the piston-rod is connected direct to the cr^ik-pin 
withont the intervention of croas-heads, connecting-rods, &c. 
From the great simplicity of this engine there ia no risk of 
derangement ; its being composed of so few parts caases the 
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frictLon to be reduced to the Bmallest possible amount. The 
accompanying cuts represent a firont and side view of the 




For extended information on these important subjects see 

the Third Edition of Tredgold on the Steam-Engine. 
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CHAPTEE Vni. 



MACHINERY FOR MANUFACTURING AND REFINING SUGAR. 

238. Sugar is the sweet or saccharine constituent of 
vegetables, in all of which it is found in greater or lesser 
quantities. It occurs most abundantly in the sugar-cane, and 
next to this in the beetroot and maple. The sugar obtained 
from these three vegetables has the peculiar property of 
crystallising in oblique prisms. Sugar also occurs, though 
less abundantly, in ripe grapes, dates, figs, pears, and other 
fruits, the crystals of which are called decrepit, or not truly 
formed ; and its sweetening power is only about three-fifths 
of that from the sugar-cane, &c. There are also the sugar 
of manna, milk, mushrooms, &c., which may be called animal 
substances. The sugar of commerce consists of oxygen, 
carbon, and hydrogen, in about the following proportions in 
100 parts, as given by Oay Imbboc, &c. 

Oxygen . . . • 50 J 
Carbon . . . . 42^ 
Hydrogen ... 7 

100 

239. The sugar-cane {Arwndo saccharifera, or sugar-bearing 
reed) varies in height from 8 to 15 and even 20 feet, and is 
from 1 to 2 inches in diameter at the bottom of the stem, 
which is of a green hue, changing to yellow as it ripens, and 
divided by circular joints about 8 inches apart. The cane 
is brittle, with flat pointed leaves of 8 or 4 feet in length, 
which fall off as the plant advances to maturity. It is 
found in a wild state in the tropical parts of America and 
the West India islands ; also in the tropical parts of Asia 
and Africa, though less abundantly. When the canes are 
ripe, they are cut and carried to the mill-house, and crushed 
by a machine composed chiefly of rollers, between which the 
canes are passed. The crushed cane is then boiled| and the 
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juice ia drawn from the boiler, then evaporated and clarified, 
and separated &om the molaaees, being now of a brown 
colour, and in large broad crTstala ; in thie state it la im- 
ported from the west Indies in hogeheadB. There are 
annually imported into the TJnited Kingdom upwards of 
6,000,000 cwts. of unrefined Bugar, about three-quarters of 
which come from Britiab posseBeions. 



BOSSOSXE'S f iTEKV XTAfOBATISS 1>ISC-PAK. 

240. Schroder's patent pan, lately introduced with gt«at 
Etnccesa into the West Indies, for evftporatiDg Baccl»mie 
Bolutiona and liqoida at a temperature not exceeding 180^ 




Fahrenheit, and may be worked by hand or other motire 
power, is shown in perapective in the anneied engraTing. 

This invention is patented in the United Kingdom and 
British Colonies, France, Holland, Belgium, Cuba, Ac. 

It baa the 'pwpeitj of evaporating aymps and other 



aU6AK*K£PINIKG UJICHIKEST. 



189 



liquids at a temperature luider 180^ Fahrenheit, at which 
degree sugar cannot carbonise. 

Eraporation is as rapid as bj the Tacuuin*pan^ while 
the expense, including the royalty, is about 100^ 

Erery part of the machine is open to yiew, and from its 
extreme simplicity can be deaned, or any accidental injury 
repaired, by a common workman. 

If tiie machine ia worked as a substitute for tbe taohe^ 
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the economy of fuel will be obvious, when contrasted with 
other modes of evaporation. 

The whole weight of the revolving discs being supported 
upon centre-bearings, the revolution of the evaporating 
surfaces is effected with slight exertion or expense of power, 
and the contact of the atmosphere, comDined with the 
rapidity of condensation, produces a larse, hard-grained 
sugar, not to be surpassed by any other moae yet employed. 

A reference to the drawings wiU show the operation of 
the machine, which may be simply described, liie man, or 
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steam power, turns the battery of discB, j, vhich expoBes: 
the liquid or syrup that adhereB to tbem to atmaBpDeri& 
evaporation ; the condenBed water &om the Bteam pipes runs 
into the condensing chamber, from which it cftn be returned: 
into the boiler at a temperature a little below 180° Fah- 
renheit. When the syrup is cooked, the elevation of the< 
lever-handle, n, diacbargea the contents of the jpen. The 
plan and cross sections will show the dispoBition of the 
steam-pipes ; but any other modification con be adopted 
that suits the purchaser. 

B^erenceg to the cross and hti^itudmal sections and plan 
of ScB.zoai.s."B patent pan. 

a, Stetim-pipe &om boiler. 
6, Stop-cw* in Hteam-pipe. 
c. Branch pipe distributing Bteun to d, d,'d, d. 




f, Bnmoh pipe for letting off coDdenaed water from d, d,d, d. 

g. Pipe IsBdiag to Condenter box {not Bbown) wbidi preveute 

Bt«am from blowing through the pipes, bat nllowe tlie oon- 
denaed water freely to pug tM, either by returning to the 
Steam Boiler or to waste, 
\ Pan. 
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i. Frame carrying ditto with tie rod*. 

j, Tbe Patent Evaporating Discs. 

t^. Spindle Bupportisg ditto with pieces to regulate the distance 

between diBca. 
I, Winch-handle for turning discB. 



PLAN 




1, IJTe and dead pulliea for driving disce b 



THE BLOW-rP PAHS. 



241, The first proeeaa the raw sugar undergoes, prepara- 
tory to refining it, is melting or dissoMng it in the blow-up 
pans, as they are called. These pans are large cylindrical 
copper veHBels, about 8 or 9 feet in diameter aud 6 feet 
deep ; into which steam is introduced by means of pipes 
coiled round within the vessels to dissolve the sugar, which 
thence becomes a dark, thick, viscous liquid; as yet the 
earthy impurities, and' part of the molasses, which are 
always present in raw sugar, are unremoved ; a small por- 
tion of lime-water being admitted to the liquid sugar, 
taid constant stirring with long slender rods bemg applied 
to assist the process of liquefaction. This process is so 
simple that it may be easily undetstood without an itlua- 
tiation. The blow-np pans are generally rectan g ular, 6 or 
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7 feet long, 3 or 4 feet iride, and 3 feet deep, wiUi perforated 
copper pipes near the bottom, through t£e holes of which 
Bteam is blowu into the sugar. 



THE FILTBBIKa FBOCXSS. 



242. When the raw eugar has been euffidentl^ dissolred 
in the blow-up pane, just described, it is allowed to run 
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from the blow-up pahs to the filters, which are placed in a 
lower room* The filters are cast-iron vessels in the form of 
chests, about 7 feet in height, 4 feet broad, and 3^- feet in 
width. Pig. 1 is a section, fig. 2 a front elevation, which is 
furnished with a door for the arrangement of the filtering 
bags ; and fig. 3 is another kind of filtering vessel, called a 
beU-filter. At the top of each filtering vessel is a shallow 
chamber, in which the liquid sugar is first received, and in 
the bottom of which are several circular holes (shown in 
fig. 1) ; below these holes are suspended several stout canvas 
bags, from 6 to 6 feet long and 2 feet wide. Into these 
bags the melted sugar flows, and strains gradually through 
the bags, in a transparent stream of a slightly red colour. 
Each filtering vessel contains from 4iO to 50 of these bags, 
in which are retained all the impurities, already referred to 
in the last article, with the exception of the colouring 
matter, which is removed hj another process. The bags, 
^hen they become clogged with impurities, are taken out of 
the filtering vessels and completely cleansed in the yard of 
the refining establishment. 

CHABCOAIi FILTEBS OB OISTEBNS. 

243. Preparatory to describing these cisterns, which are 
12 to 18 feet high, and 3 to 4 feet diameter, we must first 
inform the reader that at the bottoms of the filtering vessels 
is formed a false floor of laths. This false floor is completely 
covered with a strong woollen cloth, on which a layer of 
powdered animal charcoal, or bone-black, as it is commonly 
called, is laid, of about 12 to IS feet in thickness. The 
liquid sugar flows from the filter-bags upon the charcoal, 
and in a short time distils through the layer of charcoal and 
the cloth lath- work beneath it, and is thence carried off by 
pipes, having now become a transparent and nearly colour- 
less liquid, through the operation of the charcoal-filter. 
Thus tne heavy impurities of the liquid are got rid of by 
means of the canvas bags, described in the last Article, and 
the colouring matter disappears by the charcoal-filter just 
described. This last process is of too simple a character to 
require illustration by drawings. 

The charcoal, after about a week's use, becomes com- 
pletely filled with impurities, which are soon removed by 
Duming it in retorts m another part of the refinins; esta- 
blishment. The charcoal then becomes as good as before 
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and though it wastes in a slight degree, the power of 
charcoal can never be destroyed, the same charcoal having 
been rebumed and used in the same establishment, it is 
said, for upwards of 20 years. 



BOILIKa THE LIQUID SUGAB IN THE VACUUM-FAJTS. 

244. These pans are circular, dome-covered, fur-tight 
copper vessels, as represented in the opposite engraving: 
each pan is furnished with pipes, valves, and taps for tEe 
various purposes of allowing the air to be dra?ni off by the 
air-pump, for admitting steam to the pan, for testing the 
temperature of the liquid, &c., &c. 

Tne saccharine liquor, afber passing through the charcoal 
filter, is pumped into these pans. Steam is next admitted 
by a pipe at the bottom of the pans into a space below the 
liquid sugar, and also by several other pipes to the interior 
of the fluid mass, which is thus brought to a boilinff state 
at a temperature little higher than that of a blood-heat; 
such is the weU-known effect of the vacuum created in the 
pan. That a more perfect evaporation of the liquid sugar 
may be effected, it is made to now through large uron pipes 
(shown in the engraving), each containing several small 
tubes, which further tend to condense the steam and maioh 
tain the vacuum. As this process of evaporation goes on, 
the crystals of sugar are formed in the pans. Eor the 
purpose of testing the state of the sugar in the pans, each 
of them is furnished with a glass pipe and thermometer, 
showing the state of the ste^ inside, and an index by 
which the progress of the evaporation of the liquor may he 
determined. By these means, and finally by means of the 
proof-rod, which penetrates to the interior of the pan, by 
means of valves, without disturbing the vacuum, the efficacy 
or inefficacy of the boiling is determined ; and it is then, as 
the case may be, either submitted to further boiling, or at 
once drawn out of the pan for the next process. 

•Note, — ^Formerly the liquid sugar was boiled in large open pans over 
a fire, at a temperature of above 240"* of Fahreimeit, but by the 
greatest care in boiling the sugar was ii^ured by this high temperatare^ 
and crystallisation could only be partially obtained. This great defeat 
was remedied by the invention of the vacuum-pan, just described, by 
Mr. Howard, about forty years ago, who patented his invention, by 
wJu'ct b9 retdised upwards of £40,000. 
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SrGAE-HEATESS. 

245. The process In the yacuum-pans being finished, the 
crystallised sugar is now transferred to the heating vessels, 
or sugar-heaters, for the purpose of giving it greatar con- 
sistency. Heaters are simply semi-elliptical cast-iron pans, 
with a copper lining— the steam is admitted between. 

THE MOULDS. 

246. The moulds are vessels nearly of a conical shape, 
placed on their vertices. Their mean dimensions are about 
2 feet in length and 6 or 7 inches in diameter at the larger 
end, which is open. The liquid sugar is poured into these 
moulds, and after remaining in the mould about two days, 
and then undergoing the final operations of '' washing and 
brushing off"," as they are called, the sugar-loaf, so well- 
known in commerce, is completed ; it having only now to 
be folded in paper and dried in & room heated to a high 
temperature by means of iron-pipes, through nvhich the 
surplus steam Irom the boiler passes. 

Note, — ^The cost of loaf or vefined -feugBr 'seldom exceeds that of 
brown or iinrefined sugar by more than 20 per cent This result 
is due to the great improvements in the process and machinery hj 
C. E, Howard, Mq., in 1812, and subsequently by others ; preyious to 
which the cost of refining was not less than from 40 to 50 per cent 



PATENT HANITFACTOBY OF CHABCOAL JOB BErHTTKO 

^TJGAB. 

247. The opporate engravings show the elevation, section, 
and plan of revolving retorts for burning animal or bone 
charcoal, for refining sugar ; also elevations and plan of the 
appended steam-engine and machinery, the nature of which 
may be readily seen firom the engravings. By these arrange- 
ments very superior charcoal for the sugar-refiner's purpose 
is obtained, jm well as greater economy in producing it« 
This system of retorts, &c^ was recently patented by 
James ^oumum, Usg., who transferred his patent to Oeor^e 
Torr^ JSl8q,j animal charcoal, ivory black, and ammonia 
manufacturer, London, whose son now possesses the sole right 
of using these valuable improvements. 
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CHAPTER IX. 

— ♦— 

ON THE FRICTION OP MACHINERY, AND LABOURING FORCES. 

248. In the inveslagations of the problems in equilibrium 
the surfaces of bodies have been assumed to be perfectly 
smooth ; but, in practice, all bodies are found to be more or 
less rough, and therefore the results that have been deduced 
will be more or less modified by the effects of this rough- 
ness, which produces a retarding force called friction. It 
has been found by experiment that this retarding force or 
resistance, on a given surface, is a certain proportional part 
of the weight of the body moved, and that it is not affected 
by the rate of motion, nor by the extent of the rubbing 
surface. Thus, if the weight w rest on the horizontal plane 
A B, and it be drawn horizontally by a weight f attached to 
a cord passing over a pulley p, then the weight p, which is 
just sufficient to dbaw w along the plane, will measure the 
friction of w on the plane. If w 
be 1 ton, then, in the case of well- 
made, smooth Macadamised road, 
the resistance of friction is found 
to be about ^^ of the whole load, 
or F is about 75 lbs. to the ton ; 
so that a horse drawing 1 ton along such a road, must pull 
with a force of 75 lbs. ; which is called the traction of the 
horse. In the case of a railway, where the friction is pro- 
bably the smallest in all ways, being about ^^ of the 
weight, therefore, if w be 1 ton, then f will be 

—T = 8 lbs., and if '- = -j^^, then, generally, f will be = —. 

The fractions ^^ *^^ "shs ^® called the co-efficients of 
friction. 

249. Jff" the inclination of the plane, on which a hody is 
moved, is small, as on the ascending ancl descenmng 
^2^Mlients of railways, and the ascents and descents of com- 

mon roada, the pressure on the plane will evidently be yeiy 
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nearly equal to the weight of the body ; hence the resist- 
ance produced by friction may be calculated with sufficient 
accuracy after the manner explained in the last article. 

250. Now, let p = power requisite to draw a weight w, 
including its friction, along a plane with a rise of % fbet in 
100 feet, Q = j)ower requisite to draw w along the plane 

TIT 

exclusive of friction, and let the friction e be = - =an«part 

n 

of the weight ; required the relation between P and w. 

By Art 118« <j : w : : A : 100 ; 

, Aw 

whence Q = — ; 

, ^ . Aw w Atj+IOO 

butP = Q + r = ~ + ^ = -^^^^w (1) 

100 71 p 



JEx, 1. If a train of 30 tons be moved along a level rail- 
way, what power will be required to overcome the resistance 
of friction at the rate of 81bs. per ton, or ^^ of the weight ? 

Here the required power p is equal to the resistance of 
friction, that is, by Art. 248, 

or, p = 8 w = 8 X 30 = 240 lbs. 

^iP. 2. — The gradient of a railway rises 2 feet in 100 ; 
what power will be required to draw a train of 60 tons up 
the gradient, the co-efficient of friction being -s\jj or n = 
280? 

By equa. (1), Art. 250, 

An-flOO 5 X 280 -f 100 _ „„^^ o^^/mv 
^ = 100^^= 100X280 X 50X2240 = 2640 lbs. 

JEx, 3. The ascent of a turnpike-road is 6 feet in 100 ; 
what power will be requisite to draw a load of 6 tons 
thereon, the co-efficient of friction being ^^^ or n = 24 p 
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Here p = — r^^: ^w = ,_ ^. — 6 x 2240 = 1232 lbs. t= 



100 n 



llcwt. 



100x24 



NoU. — The powers resulting from these three exampleg are just 
Buffident to balance the load and the friction ; therefore a small 
addition must be made to each of these powers to put ihe train or 
carriage in motion. 



THE USEFTIL EFFECT OB MODULUS OP A MACHI^iTE. 

251. The useful effect or modulus of a mocliine is, the 
fraction which expresses the value of the work compared 
with the power applied, which is expressed by unity. T^us, 
if a machine only perform f of the work applied to it, in 
this case -J- of the work or power applied is lost by friction, 
and f is called the modulus of the machine. The work that 
is thus lost depends on the nature and extent of the rubbing 
sur&ces. The work thus lost in the screw, the inclined 
chain-pump, &c., is very great. The following is a table of 
the moduli of several machines in which the friction is con- 
siderable, with examples of their application. 



Screw press • • . 
Endless screw . . 
Inclined chain-pump 
Upright chain-pump 
Bucket-wheel . . 
Pumps for draining mines 
Crab for raising materials 



4- 
i 



Ex. 1. The distance pw at which the power acts is 6 feet 
(see fig. to Art. 122) and the distance between two of the 
threads of the screw is 2 inches ; what pressure will a man 
be able to exert with the screw-press when he acts at p with 
a force of 150 lbs., the useful effect of the machine being 
only ^ of the power applied, as per table ? 

By equa. (1), Art. 122, in conjunction with the table. 



pressure = w = 



27rr p 



x| = 



2 X 31416 X 72 X 150 



2x3 



11309f lbs. = 5 tons, 109f lbs. 



JEx, 2. — Let the length of the winch of each of the 
handlea hh be 18 inches (see fig to Art. 168) the radius 
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of the pinion p = 2 inches, ttie radius of the spur-wheel 
s = 20 inches, and the radius of the barrel or drum b = 
8 inches ; required, the weight that can be raised bj the 
crab when a continuous power of 160 lbs. is apj^ed to the 
two handles, the useful e£^t being as per table. 
By equa. (2) Art. 30, and the table, 

150x18x20x4 „^^„ 
^= 2x8x5 =^^^"^^' 

.Er. 8. — ^A power of 150 lbs. is applied to the winch which 
turns the axle of an inclined chain-pump ; what weight of 
water will this power raise, the length of the winch Deing 
20 inches and the radius of the axle 4 inches P 

By the property of the lever, or wheel and axle, in con- 
junction with the table, 

4w = |.x20xP; 

, fx20xl50 .-^„ 

whence w = ^ = 300 lbs. 

4 

JE5r. 4. — The piston of a steam-engine draws the rod of a 
pump for draining a mine with a force of 6 tons ; what weight 
of water will be raised by the piston ? 

Here the engine is supposed to act with a lever with 
equal arms ; hence by the table, 

w = Jp = Jx.6p4 tons- 



THE PRACTICAL APPLICATION OP MECHAWISK TO THE 

WOEK OF LIVING AOENTS, 

(^The friction of the machinery not heing considered). 

In appljdng the principles already laid down, to estimate 
and compare the different kinds of work performed under 
different circumstances, it becomes necessary to have a dis- 
tinct measure or unit of work by which the various results 
can be estimated and compared. 

252. The English unit of worh is the power necessary to 

.raise one pound through a space of one foot. Thus, if one 

* pound be raised one ibot either by a living agent or by a 

machine, then one unit of work has been performed ; if 1 lb. 

be raised 5 feet, then 5 units of work have been performed*^ 
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if 4 lbs. be .raised 6 feet, then 4 x 6 = 24 units of work have 
been performed, and so on. Sence the units of work j>er- 
formed are measured hy product of the weiaht of the body in 
pounds, and the space or height in feet through which it is* 
raised; also, pressures or resistances of every kind, in what-, 
ever direction they are exerted, may be expressed in pounds, 
and therefore measiured by the unit of work here described. 
JEk. 1. — ^How many units are required to raise a corf of 
coals of 5 cwt. from a pit, the depth of which is 60 fathoms ? 

Weight of coals in pounds = 112 X 6 = 560 lbs. ; " 
Depth of pit in feet . . . . = 60X6 = 360 feet ; 
.-.the units of work required = 660X360 = 201,600. 

' JEa. 2. — The ram of a pile-engine weighs 9 cwt., and it. 
has a fall of 21 feet ; required the units of work exerted in 
raising the ram ? 

Units of work = 9 x 112 x 21 = 21,168. 

.Er. 3. — How miany imits of work will be required to 
pump 6000 cubic feet of water from a mine, the depth of 
which is 80 fathoms ? 

A cubic foot of water weighs 62| lbs. ; hence, 

weight of water = 62 J x 60i[)0 = 875,000 j 
. • . units of work = 375,000 x 80 x 6 = 180,000,000. 

Ua^. 4. — A horse moving at the rate of 3 miles an hour, 
draws a bucket of water weighing 100 lbs. out of a well, by 
means of a rope passing over a pulley : required the units of 
work done per minute. 

a A -4. 5280x3 ^.. 

Space passed over per minute = — — — - = 264 ; 

.• . units of work per minute = 264 x 100 = 26,400. 

JScp. 5. — ^How much labouring force will be required to 
raise 1000 gallons of water from a well, the depth of which 
is 50 fathoms P 

Mc. 6.— How many units of work will be performed by a 
man descending a mme 50 fathoms deep, and drawing up a 
weight of 140 lbs. over a fixed pulley, the man's weightF^ 
being supposed slightly to exceed the given weight ? 

Jns. 42}0001b8. 
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SOUBCES OF LJlBOITEnrG FOECE AND THE WOEK OF 

JJLYTSa AGENTS. 

253. The chief sources of labourmg force are animals^ in« 
eluding man, water, toind, and stecmt : the labourmg force or 
work of animals varies according to the manner in which 
they exert their strength, and it is estimated by the number 
of units ofnoork which they can raise, or move by drawing, 
or by pressure in any direction, in one minute. The follow- 
ing taole shows the amount of effective work that can be 
pmormed by several of the most common living agents. 

Work done 'per minute. 

Duration of labour,^ eight hours per day. 

Horse-power • • 33,000 units.* 

A man turning a winch . 2,600 „ 

drawing horizontally 3,200 „ 

' raising materials with a pulley . . 1,600 „ 

throwmg earth to height of 5 feet ♦ 560 „ 

Moamphe of manual poioer* 

!Ex. 1. — ^How many tons of earth will a man mise in eight 
hours working with a winch, (wheel and axle,) from a mme 
20 fathoms deep P 

Here the time of work is 8 x60 a= 480 minutes, hence 

TJnits of work per day • • . = 2600 x4i80 (see table) ; 

Units of work in raising 1 ton-i 
to the height of 20 fathoms, V = 2240 X 20 x 6 ; 
or 120 feet • » • • . .J , 

.:. Number of tons raised . . = 2240 x 20x6 '^^'^' 

JEx. 2. — ^How many cubic feet of earth of lOOlbs. per foot, 
will a man throw to the height of 5 feet in a day of eight 
hours? 

.^ ^ 560x60X8 ^^^3 

^^•"•^• = -ioo^T"=^^^*- 

* This is the number of units of work asfflgned by Watt to a horse, 
but by recent experiments it has been found to be considerably too 
much, f of which, or 22,000, is considered to be the work of a horse of 
average strength; however, the number given in the table is still 
retained by engineers as the number of units of a horse's pow«> 
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Ex, 3. — ^How many tons of earth will a jnfln raise with a 
single pulley in a day of eight hours, from a mine 80 feet in 
depth ? 

No. of tons = ^rr sz 4* 

2240x80 ^ 

!Exam^ie8 qfhor9e^ower. 

JEr. 4.— How many horse-powers wiU it require to raise 
five cwt. of coals per minute m)m a mine 100 fathoms deep P 

Weight of coals rai3ed per minute = 5 Xll2 = 560 lbs ; 
Depth of mine in feet . . . . = 6x 100 = 600feet ; 
,-. units ofwork per minute . . = 560x600 = 336,000. 

Now a horse does 33,000 units of work per minute (see 
table, Art. 253) ; 

^ 536,000 -^„ 

/. Horse-powers or h = 33 qqq = l^rr- 

Ex, 5. — How many horse-powers will be required to lift- 
iOjOOO cubic feet of water per hour, from a mine 80 fathoms 
deep ? 

Weight of water = 624 X 10,000 lbs. ; 

Depth of mine . = 6 x 80 feet ; 

.^ . , . 62^x10,000x6x80 

.•. units of work per mm. = — , 

. ou 



62i X 10,000 X 6 X 80 
60 X 33,000 



and H = ^^t;' '""^J: = 151^. 



Ex, 6.— How many cubic feet of water will an engine of 
10 horse-powers raise per hour, from a mine 80 fathoms 
deep ? 

Ex, 7. — ^Eequired the number of cubic feet of water which 
an engine of 60 horse-powers will raise per hour, from a 
mine 80 fathoms deep, supposing ^ of the work to be lost 
by friction. 

Ex. 8. — A forge hammer weighing five cwt. makes sixty 
Jifts of 2 feet each in one minute ; what is the horse-power 
of the engine that moves the hammer ? 



ON THE FSICnON OP UACHINEBT^ ETC. 207 



WOEK IK MOVINQ JL OABBIAGE OB BAILWAT TBAJK 

OK A HOBIZOKTAL PLANE. 

254. When a locomotive engine commences its motion, 
its power exceeds the resistance, and therefore the speed of 
the engine continues to increase until the resistance becomes 
e^ual to the power of the engine, then the speed of the train 
will be uniform, which is commonly called a steady speefl, 
or the greatest or maximum speed, the work destroyed by 
the resistance being now exactly equal to the power exerted 
by the locomotive engine. The same may be said of all. 
other machines ; and it is on this principle that the follow- 
ing investigations are made. 

255. By Art. 248, the friction on a horizontal plane is 

w 

--, or the ^th part of the weight w of the carriage or train ; 

n •>■ 

— being the coefficient of friction ; therefore the whole resist- 
ance to motion on the plane is also = -. Let p = power 

or units of work required to move the train, «= space in feet 
moved ov^r in the time t in minutes, and h == number of 
horse-powers in p ; then p = 38,000 h ^ units of work 

g 
or pounds moved one foot in one minute, arid -ssfeet moved 

in one minute by the weight - , whence - x - = units of work 

required in moving the carriage or train ; 

Iff s 
.•.p=33,000h=:-x-; 

n t 

W tf 

whence h = rnrr^;:;: — M 

33,000 n^ ^ 

In railway calculations of this kind w and s are usually 
given in tons and miles, which are to be reduced to pounas 
and feet by multiplying them respectively by 2240 ana 5280 ; 
also n is most commonly = 280 ; if, therefore, we substitute 
2240 w for w, 5280 s for s, and 280 for n, in equa. (a), we 
shall have after reduction, 
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128 W S 5 W S 

whence w = — — (2) 

5s 

4iRt 

and^ = ^,3L« (4) 

in which equations w = weight in tons, and s = space or 
distance in miles. 

Mc. 1. — ^Eeqnired the horse-power (h) of a locomotive 
engine, which moves with a st^j speed of 50 miles per 
hour, on a level railway, the weight of the train being 45 
tons, and the friction ^^ of the weight of the train, the 
resistance of the air not being considered. 

By equa. (1), 

5w8 6x45x50 ^^ , 
H = —7-7- = — - — — : — = 47 horse-powers. 
4it 4 X 60 ^ 

!Ea. 2. — ^An engine of 40 h moves with a steady speed of 
36 miles per hour on a level railway ; required the weight 
of the train, the inction being as usual 

By equa. (2), 

4h^ 4x40x60 ^..^ 

w = = = 544 tons. 

5 s 5x35 ^ 

JESr. 3. — In what time will an engine of 50 h, moving a 
train of 60 tons, complete a distance of 40 miles ? 
By equa. (4), 

^ 5ws 6x60x40 _. . _, 

t=--: — = — r — zrrr — s=60mm.= l hour. 
4n 4x50 

JEaf, 4. — ^How many miles per hour will a train of 40 tons 
be drawn by an engine of 35 h ? 

By equa. (3), 

4h^ 4x35x60 ,^ ., 
B = -= — = — = — TTT — =42 miles. 
6w 5x40 
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JESr. 5.-^If four horses draw a load of 6 iona two mfles 

Eer hour, on a road of wUch the co-efficient of friction is -^j^f 
ow many units of work will each horse perform P 
By transposing equa. (a), and putting u instead of 33,000, 
we shall have 

W8 6x22 40x2x528 „ ^^ .. ^ , 

TJ = — -— = rrr — ^r — =5 29,668 umts of work, 

ntn ^ 20x60x4 ' 

Hx, 6.- — ^What must be the effective h of a locomotive 
engine, which moves with a uniform speed of 50 miles per 
hour, on a level railway, the weight of the train being 30 
tons, and the finction as usual P Ans, 31-^ h. 

JEx, 7. — ^In what time will a locomotive engine of 50 h, 
which moves a train of 135 tons, complete a journey of 80 
miles on a level rail ? 

Hx. 8. — ^At what rate per hour will a train of 100 tons be 
drawn by an engine of 50 h on a level rail p 

JEx. 9. — The maximum speed of a locomotive engine of 
50 H is 40 miles per hour on a level rail ; required the 
weight of the train. 



WOEK IN OVEBCOMINa THE JOINT EESISTANCBS OP PBIC* 
TION AND GBAVITY ON AN INCLINEI) BAILWAT OB 

COMMON BOAD. 

256. Let p = power and w = weight in pounds of a carriage 
or train, and ^=rise of 4}he inclined plane in every 100 feet 

of its length; then, by Art.- 250, equa. (1), P= ..^^ w\ 

JLi/V/ fit 

and let h, 8 and t respectively represent the horse-powers, 
space in feet, and tmie required in moving the weight 

w^ as in the last article ; then p = 33,000 h = units 

100^ « 

of work in pounds, and - = feet moved in one minute by the 

.,^100 + Afi -^ 100 + An s .^ X, , 

weight - ■ 1(7; whence — ttw; — «?X- = units of work 

100 n 100 n t 

required in moving the weight, which must be equal to the 

units of work in the power 5 , 

, (100+&m)«to 
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Now, let w s weigbt moyed in tons and s s space or 
distance moved in miles, as usually giren in xailwaj calea- 
lations ; then fo=2240 w, and «s 5280 s ; these values being 
substituted in equa. (jl% and n being take^sB280 as in the 
last article, there will result, after reduction, 

. 256 (5 + 14A) wa <5 + 14;t) ws / ,,, 
H = ^^ ^ — = ^^ 1— — nearly (l) 

whence w s= • — (2) 

(5-|-14A)s ^' 

8 «s ...., — p, — ,.1.... (3) 

(6 + 14.A)w ^^ 

^^ (5-H4A)w8 ^^ 

"" 4h 

- _ 4f H— 5wfl 
and A =: — ■ (5) 

14iws - 

\ 

Note, — ^In all these equations h must be taken n^gaiiTely, when the 
weight or train descends the plane ; in which case gravity aasifits the 
moving power. It also appears that when h is negative and equal -^ 
of a foot, then no poww is required to move the tnon ; for the value m 
H vaoishei^ since in this case B + I4h becomes =: 0, the train deaoending 
the railway gradient by gravity alone. 

^ Mp. 1. — ^A train of 40 tons ascends a railway gradient, 
rising 2 feet in 100, with a uniform speed of 15 miles per 
hour ; required the h of the locomotive engine, the fiiction 
being as usual. 

By equa. (1), Art. 256, 

_ (5 + 14 it) ws _ (5 + 14x2)x40xl5 _ 33x40xl5 

^^ 4it " 4x60 "" 4x60 

= 824 horse-powers, 

, ^i. 2. — ^Eequired the h, as in the last example, when the 
weight of the train is 60 tons, the rise 1 in 200 or i in 100, 
and the rate of motion 30 miles per hour. Ans. 90 H. 

JSir. 3.— An engine of 75 h ascends a gradient, risinje^ f 
in 100, with a uniform speed of 20 miles per hour ; required 
the weight of the train. 

By equa. (2), 

_ 4^H 4x60x75 -Q_ 

^ = .^ . -,^ 7N = 7= — Tz — Tc — 777: = 58 J tons. 
(5 + 14 A) s (5xl4xf)x20 ^ 
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Ex, 4. — A train of 120 tons descends a gradient, rising \ 
in 100, with a tmifonn speed of 50 miles per hour ; what is 
the H exerted by the engine P 

Here h must be B/^atuve^ because the train descends the 
gradient; hence^ 

By equa. (1), 

(5— 14l)sw (5— 14.x i)x 50x620 ^^, 
4# 4x60 ^ 

Ex, 5. — ^A train of $0 tons ascends a railway gradient, 
having a rise of 1 in 600; what is the speed per hour of the 
engine when its hone-power is 40 P 

By equa. (3) the speed is found to be 26-j^ miles per hour. 

Ex. 6. — ^At what rate per hour will a tram of 50 tons be 
drawn by an engine of 60 k up a gradient rising 1 in 800 ? 

Ex, 7. — ^An engine of 40 h draws a train of 50 tons, with 
a uniform speed of 25^ miles per hour up a gradient ; re- 
quired the rise per cent, of the gradient. 

By equa. (5) the rise of the gradient is found to be nearly 
^ per cent. 

The following arrangement of mechanism is to prevent 
violent collisions of trains on railways, by Lewis Oom- 
pertZf Esq., of Kennington Oval, (Mechanical Department of 
the Great Exhibition of 1851.) 

In the annexed engnmng is represented merely the lower 
parts of the first and last eaniages of two trains. Fig. 1 is 
the first carriage of the one tram, and fig. 2 the last of the 
other, the arrangemettt bein^ saeh that, by means of the 
curved lever h and the Mction-roUer t, a violent collision of 
the trains is araded, fig. 1 tiirD]n|; off the rails upon the 
a^oining line, thou^ witftiout of itself regaining the line 
from which it is thus driven off. The wheels a, b, c, d of 
fig. 1 are contrived so as to admit if simultaneous horizontal 
rotation, each turning on a long sde above it, in sockets 
E, r, G, H, which are fixed in the bed of the carriage. The 
wheels are compelled to turn paraSel to each other by the 
following means : — b is a plate at the bottom of the carriage, 
to which it is only attached by means of the firames £, f, a, h 
of the wheels; each oi these frames has an upright pin, 
shown projectmg near to x, 7, a, and n. The plate b hold- 
ing all these pins, causes all the wheels to turn alike at the 
same time. In order, then, to cause them to turn when 
required, the curved lever m is attached to the wheel n, and 
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projectmg far before the carriage, the part m being curved 
one way and the part 1$ the reverse. The last carriage of 
the opposite train has a reller t, on the reverse side ta the 
lever 3f, and supposing these two carriages to meet, the 
roller t will strike the lever m, turning the wheels a, b, c, d 
horizontally, so that the carriage will be lifted off the raals 
and pass laterally to the other rails, it being prevented from 
going too far by the part of the lever isr, which turns the 
wheels right again without actually replacing them on the 
rails, a spring being used to keep the wheels steady. This 
plan has only been used in a model of two carriages, but it 
is judged applicable to a whole train, and as collisions 
frequently take place, not only in meeting, but in over- 
taking, the shock is consequently less sudden and more 
easily counteracted^ It will be readily perceived that only 
the first carriage of the one train and the last of the 
other need be thus previded; besides, the operation would be 
greatly assisted if the flanges of the wheels of flg. 1 were 
not so large as they are usually made* 



THE SirPEB-EIiEVATIOK OP THE EXTEBIOB BAIL IN 

BAILWAT CUBVES. 

257. The super-elevation of the exterior rail, or the rail on 
.the convex side of the line, in railway curves,, the radii of 
which are within certain limits, is rendered absolutely 
necessary to counteract the centrifugal force produced by the 
velocity of the train, since all moving bodies have a tendency 
to continue their motion ia a direct line. From this cause 
the railway train is impelled towards the exterior rail, and 
would finally leave the rails, were it not prevented by the 
conical inclination of the tire and the flanges of the wheels. 

258. Pbop. — To defermin&the centrifugal force of a railtDay 
train, or tJiat portion of the weight of the train, which makes 
it tend to leave the curve. 

Let T= velocity of the train per second, B = radius* of 
the curve, f = centrifrigal force, and g foree of gravity* at 
the earth's surface ^ also let w = weight of the train ; then, 
by Art. 277, Baker* s Statics and Dynamics, 

_wv2 
. Ex. 1,— When B=i a mile = 2640 feet, y = velocity = 
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80 miles per hour =£ 44 feet per second, and g = S!2| feet 
= velocity of a bodj falling from rest, at the end of a 
second; then 

wx44= 22 , , 

J^ — ' = w = nearlv ^-r w : 

32^ X 2640 9651 ^ *^ ' 

that is, the force that urges the train to quit the curve is -^-^ 
of its whole weight, in this case. 

JJr. 2. — When v = 60 miles per hour = 88 feet per 
secondj and b the same as in example 1 ; then, 

^ = 32f3r26iro = ^^^^y"A^' 

that is, the force, in this case, is -^ of the-weight of the train. 
Hence it may be perceived how extremely dangerous high 
velocities are in curves of small radius. 

269. This great amount of centrifugal force, in curves of 
small radius, would be very much increased by the high 
velocities, which some are sanguine enough to expect as 
likely to be attained on railways ; since this force varies as 

. v« 

— or as V2 

B 

for the same curve : thus, for a velocity of 120 miles per 
hour, on a curve of ^ of a mile radius, we shall have 

wxl76s _ 
•^"'32^x2640"'^'^' 

that is, the centrifugal force is, ia this case, more than \ of 
the whole weight of the train ; while for curves of 1 mile 
radius, which are very common in railways, /= ^ w, or 
nearly ^ of the weight of the train. It must, therefore, be 
evident that a velocity of 120 miles per hour, or even one 
of 90 miles per hour, must be extremely dangerous, espe* 
cif^y on an embanked curve, should any accident throw the 
train off the line, which is often the case with the present 
velocities. Moreover, the resistance of the air, which varies 
as v', must be considerably augmented by high winds 
opposed to the direction of a train of these great velocities ; 
while its engine would require a power greatly superior to 
those now in use. 
260. This force, except in cuivea of very small radius, is 
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^unteraeted by the conical inclination of tte tire of the 
wheels, each pair of which is firmly fixed on the axle which 
turns with them ; the inclination of the tire is commonly 
about i an inch in the whole breadth of the wheel, which is 
3 J inches. This inclination of the tire with the lateral play 
of the flanges of the two wheels of i an inch on each side, 
and the centrifugal force urging the train towards the exterior 
rail, when moving in a curve, increase the diameter of the 
outer wheel, and diminish that of the inner one, which causes 
the train to roll on conical surfaces, thus necessarily pro- 
dudiig a centripetal force to counteract the tendency of the 
train to leave the curve. However, in curves of very small 
radius, the centrifugal force is not sufficiently counteracted 
by the centripetal force thus generated, the centre of which 
last-named force is the vertex of the cone, of which the 
increased and diminished diameters of the wheels are sec- 
tions. The amount, therefore, of this centripetal force shall 
be determined in the foUowing— 

261. Pbop. — The velocity of the train, the gauge of the 
rails, the radius of the wheels, and the inclination of their 
tire being given, to determine the centripetal force generated 
J)y the conical vnclindtion of the tire of the wheels oftJie train, 
and hg the centrifugal force impelling the tram outwards. 

Let (/=:mean mameter of the wheels of the train, d=. 
increment, and consequently the decrement which the dia- 
meters of the exterior and interior wheels respectively 
receive, through the conjoined action of the centrifugal force 
and the inclination of the tire ; then under these circum-? 
stances the respective diameters of the exterior and interior 
wheels will be 

d+b and d-^b; 

also, if b' = radius of a circle which the centre of a carriage 
would describe in consequence of the inclination of the tire 
of the wheels, and h = breadth of the road or gauge of the 
rails: then E'+i h, and b— i& are radii which would be 
described respectively by the exterior and interior wheels ; 
and by similar triangles, 

d + b : d—b I : B,' + ih : k' — ^5; 
whence d : b ::2^' :h, 

andB' = |^. 
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Or, if - = inclination of the tire, and A deviation ox 
the wheels, then, 

n 
and, by substitution, 

hdn 
iA' 



b' = 



Now T and w representing the velocity and weight of 
the train, as in Art. 258, the centripetal force corresponding 
to the radius b' will be 



,_wv* 



or, by substituting the value of e'. 



4wT2A 



hdgn • 

262. Fbof. — To determine the deviation of the wheels, and 
the raditts of the curve, when the centrifugal and centripetal 
forces, in Art. 258 and 261,^1^^ balance each other. 

Because the forces r and r' act in contraiy directions, 
they will hold each other in equilibrium when they become 
equal, and the train will cease to have a tendency to quit the 
curve ; this will take place when 

WY^ WV2 



or, B = b'. 

Also, by Art. 258 and 261, 

WV2 4wv2A 
g'BL h dgn ^ 

. ^ hdn 

whence A = -: — ; 

4b 

which is the deviation requisite to produce an equilibrium 

between the centripetal and centrifufi;al forces of the train. 

And, Bince R = n\ the vertex of the imaginary cone, of 
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which the increased and diminished diameters of the wheels 
are sections, will coincide with the centre of the cuire, there 
will consequently be no dragging on the wheel on either of 
the rails. 

If in E' = r — , J = 3 feet, J = 4 feet 81 inches = 47 feet 
4 A 1 

= breadth of the narrow gauge, - = 4^, and A = y of an inch, 

the radius of curvature corresponding to this deyiation, when 
the two forces are in equilibrium, will be 

E' = ^ = 4-7 >c 8 X 7^4 X i X A = 888 feet. 
4 A <» IS 

But, since an accidental depression of the exterior rail 
might cause the flange of the wheel to rub the rail on that 
side, it would be advisable, for the sake of greater safety, to 
limit the value of b' to not less than 1200 or 1500 feet. 
Moreover, in curves of less than 1500 feet radius, it will at 
once appear that a super-elevation of the exterior rail will 
be absolutely necessary to counteract the excess of the cen- 
trifugal above the centripetal force. 

263. Pbop. — To determine the super-elevation of the 
exterior rail in railway/ curves of less than 1200 or 1500 feet 
radms; the same things hevng given as in the precedi/ng 
proposition. 

Let X = super-elevation of the exterior rail*; then, since 
h = breadth of the way, the incliaation of the plane on 

X 

which the train moves = t to rad. = 1, and hence the gravity 
of the train will impel it to the interior rail with the force 

This force, together with the centrifiigal force, resulting 
from the deviation of the train to exterior rail of the curve, 
must hold the centrifugal force in equilibrium; therefore, 
from Articles 268 and 261, there will result 

wa? WT^^wv^ 
h gB.'" gn ' 



whence x= — ( ,\ 

g \B b7 
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which is the formula for the super-elevation of the exterior 
rail, and due to Pambaur ; who, by solving it for some of 
the usual cases, produces the following 

TABLE OP THE SUPER-ELEVATION TO BE GIVEN TO THE 
EXTERIOR RAIL IN CURVES. 



Detigiuttkm of the Waggons 
and the Waj< 




Badins of the 

Cnrre 

in Feet. 


Super-deration to be given to the Rail in 
Inchei, the Velocity of the motion in 
Miiea per hoar being I— 




lOMilee. 


» Milea. | 80 Mile*. 


Waggon with wheels^ 
3 feet in diameter. 

Qauge of way, 4*7 feet 

Play of the waggons 
on the way, 1 inch. 

Inclination of the tire 
of the wheels, lin7. 




250 
500 

1000 
2000 
8000 
4000 
5000 


114 

0-57 
29 
015 
010 
0-07 
0-06 


5-60 
2-88 
1-48 
0-71 
0-47 
0-86 
0-28 


12-99 
6-6 
8-80 
1-65 
110 
0-88 
0-66 



The correctness of the above results is pretty generallj con- 
ceded. It must, however, be considered, that it is extii^mely 
di£5.cult, if not impossible, to realise in practice the precise 
conditions and proportions determined by these important 
formulse ; as accidental depressions and enlargements of 
gauge of part of the rails, as well as many other matters that 
cannot be subjected to calculation, will unavoidably derange 
these results. 



CHAPTER X. 

ON THE PRODUCTION OP BROWN SALT, GLAZED STONE-WARE AND 
BRISTOL WARE, AS MANUPACTURED AT MESSRS. SINGER AND 
GREEN'S POTTERY, VAUXHALL. 

(ICBCHANICAL DBPABTMENT OF THB QBBAT EXHIBITION OV 1851.) 

In" laying before our readers the manufacture of stone 
pottery, we will commence from the pit in which the clay is 
dug, and proceed through its different stages until fit for 
the market. 

264. The best clay for stone-ware is obtained from 
DorsetBhire, and is taken from the same pits as the day 
used in StaffordBhiie for fine white and other wares ; the 



BKOVN STOIfE-irAKI. 



219 



top Btratum of the pit is a sandy clay, with fine particles of 
gnt, and is used to a very large extent for the stone drain 
pipes so univerBollj approved in house drainage ; the second 
stratum is a clay of the same quality, only free &om soad 
and grit, and is used for general pottery ware by the 
Vauihall and Lambeth manufacturers. Other cla^a of a 
BOmewhat similar qualil^ are obtained from X)evonBhire, and 
mixed with the Dorsetahire clays in proportions snitable to 
the articles for which they are required. The clay is due 
from the pfta in large balls, about 801b. in weight, and 
are sold to the potters 70 balls to the ton, anA slupped 
through the different agents from Foole. 




265. When thoroughly dry, the balls are broken and 
passed under iron-mitneri, as shown in sketch No. 1., with 
a bed plate of gratings, to allow the clay, as it becomes 
ground sufficienUy small, to pass through the openings of 
the gratings. 

To the upright shaft of the runners are attached two 
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tonpen, projacting as far aa the rim of the bed ^late, the one 
is contmiiUy flpreading the day over the gratings to allow 
the fine clay to pass through, and the other follows, collect- 
ing the cooraer particlea, and is so placed as to bring them 
again under the runners. 

The ground claj. ia then mixed with water and other 
ingredients, as may be required, by a man working it with 
hia feet, and passed through pugmilla, tu shown tn sketch 
No. 2. 

No. 2. 




266. Pw^ffuZb are generally formed of iron cylinders, 
some straight, soma slightly tapering, averaging in aize 
about 4 ft. high, and 22 in. in dimeter. Some are also of 
wood as in the accompanying illustration. 

An upright shaft or axis rerolTes in the cylinder, from 

which knives radiate in aU directions, somewhat resembling 

the form of a screw, and projecting to within one inch <k 

the aide of the i^hnder. 

The daj being put into the mill, is gradoally comproased, 
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and worked by the knives, which, bein^ placed, as above 
deBcribed, in the fonn of a ecrew, preoH it to the bottom of 
the mill, and through a small hole, where it ia discharged, 
cut off, and placed in a bin appropriate lor the purpose. 

The clay is then ready for the potter, but before being 
used it undergoes a process of slapping or we^ng, as 
ehown on the right-hand side of sketch Ho. 3. 




"Wedging condsts in tearing or cutting clay into pieces 
by wire, and striking them together again, with a force 
sufficient to make them adhere ; thia is repeated twenty or 
thirty times, by which process the clay becomes well inter- 
mingled ; it ia then made into balls of a size sufficiently 
large for the article required to be made, and the potter 
works from the solid lump of clay, bottles, jars, &c., as showii 
in sketch So. S. 

267. There are two kinds of poiier'g-ioheelt, one for small 
goods, where the man generally sits to his work : it consists 
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of an upright iron shaft, the lower point of which turns in 
a socket, and the upper is fixed in a broad wooden disc ; 
near the top, the shaft passes through a socket attached to 
the firame-work of the wheel ; on the shaft are a series of 
speed-pulleys, hj which the speed of the shaft can be 
increased or lessened as circumstances require. This shaft 
is driven hj a fly-wheel, from which an endless belt passes 
to the speed-pulleys, and is turned generally by a boy. 

268. Eor larger &;oods the man stands to his work, and 
the wheel is formeo, as in sketch No. 8, of a pair of cog- 
wheels, the one on the perpendicular shaft on which the 
potter forms his goods, the other on a horizontal shafts on 
which is also a fly-wheel and handle turned b^ a boy. 

As the wheel revolyes, the potter dashes his lump of day 
on the disc ; he then slips his hands frequently in wafcer to 
allow the clay easily to pass through them, and pressing it 
with both hands, it gradually assumes an irregumr conical 
form ; he then presses it flat again, b^ which operaticni he 
expels any air-oubbles that may be m it; the boy them 
lessens the speed of the wheel, and the potter forms bill ball 
of di^ into tne article required. 

269. The vessel is then tal^n to the lathe room, where it 
is allowed to dry graduallj, until it arriyes at a certgux& 
point called the green state, when it is put upon a lalbe^ 
the rough outside surface taken oE hj a sharp to6I| aiod 
afterwards by a smooth one, formed of a piece of flafe steel 
called a burnisher. Mgures and handles, &c., are alao 
attached to vessels in the green state. 

Being finished, the articles are then placed on stillionB 
round the kilns or ovens, the heat of which evaporates all 
moisture from them, and leaves them perfectly dry and ready 
for the burning. 

270. Vessels made as above described, are all of a round 
shape; anything out of the round is generally formed in 
mouldis made from plaster of Paris. The mould is in two 
halves, which are filled with cakes of clay and joined together, 
the cakes of clay being made of a thickness sufficient to the 
size of the article ; the plaster absorbs the water from the 
body thus moulded, which shrinks from it, and in half an 
hour after being filled, the two halves of the mould can be 
taken from the vessel thus formed. 
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THH KILNS. (No. 4.) 



271. The lilns toe generally of & circular form, Tarying 
from 9ft, to lift, in diameter, and &oin 10 ft. to 18 ft. nigh. 
the fire holes &oin five to eight in number, according to me 
BJze of the kiln pass through the thickness of the brickwork, 
and are placed at regular distances from each other. 




For brown salt glazed stone-ware, the inside of the kilna 
is generally formed of square boxes, made of Sie-^s\aj 
lumps, in which small goods are placed ; these boxes are 
built up about half the height of the lain, and the top is 
filled by placing larger goods on each other. 

When filled, the doorway is bricked v^, and fire applied 
to the furnaces. 

The heat is gradually increased from the time of lighting, 
till the ware is found to be properly bomfe, when a quantity 
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of salt is thrown into the top, by means of iron cupa attached 
to long handles, used for the purpoae ; the salt, being 
eraporated, depOBite itself on the exposed bodj of the ware, 
ana gives it a bright brown appearance. 

The inside, be^re being put into the kiln ia lined with a 
coating of liquid glaze, prepared from glass, clay, stone, &c., 
in proportions necessur to the heat to which the goods are 
burnt, and suitable to tne body on which it has to bo placed. 

A 12 ft. kiln can be worked once every week, as it gene- 
rally takes two days filling, two days and nights burning, 
two days' cooling, and one oay empt^g. It requires about 
3| tons of coals to bum it, and will hold on an average, 
from 86J. to 45^ worth of stone-ware ^;oods, the contents 
vaiying in value according to the articlea with which it 
may be filled. 

BKISIOL OliAZED WABE. 

272 The Bristol glazed ware, so called from having been 
first muiufactured by the Bristol potters, ia an article made 
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from the same da^ aa salt glazed Btone-ware, and ia gene- 
rally preferred through ita heing more highly glazed, 
better finiahed and more pleasing to the eye, and the mode 
of burning is such as to preserve the goods &om being 
damaged by the fire, not beiiu; exposed, as in the salt glazed 
kilns to the direct action of the fire. 

The veaaela, when ready for the kibu, are immersed in a 
liquid glaze, and instead of bein^ placed on each other, as 
in the atone-fcilna, are burned in close saggers, or boxes 
made of fire-clay, ao aa to prevent the fiame of the fire 
reaching them. The Viln (So. SX wiach is on a somewhat 
difierent principle to the atone-kiln, is then fired until the 
glaze on the veaBels becomes melted. 

During the process of burning, the man in attendance 
continuaQy looks into the kiln, through sight-holes, in order 
to see whether the firea are burning alike, and thus keeping 
an equality of heat through his Viln ; when he coneid^ it 
neu'fy finished, he draws trials through a hole in the door- 
way, imtil he finds the glaze melted and bright, which shows 
him the kiln is finished. 
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